ape digenaner 








The problem 


set by 
ALDRIDGE TOOL AND 
ENGINEERING CO. LTD. 


To heat treat large numbers of 
different kinds of high-speed steel 
tools, with minimum distortion 
and no decarburisation, to ensure 
long life in use. 


~ 
 —...., 


given by the ‘Gassel’ 
Heat Treatment 
Service 


After suitable preheating in air and 
then in a ‘Cassel’ P.S.760 salt bath, 
the tools are transferred to the high 
temperature ‘Cassel’ H.S.970 bath, 
in which they are soaked for the 
required time, and then quenched 
in a‘Cassel’ Q.S.5§40 bath and finally 
air cooled. Secondary hardening 
treatments are also carried out in 
Q.S.540. The ‘Cassel’ furnaces and 
salts provide the most convenient 
and speedy method for obtaining 
optimum results. 


IMPERIAL CHEMICAL INDUSTRIES LTD., LONDON, S.W.1 
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They rely on 


Gears and main driving shafts for the 
BK-** Super-12 °° Motor Grader have to stand 
up to exceptionally tough working 


conditions. Wild-Barfield gas carburising 
equipment ts used in their manufacture 


Gas Carburising at 
Blaw Knox Ltd. 


MH Barfield **P.T.G.’ Gas Carburising installation at Blaw Knox Lt 


1 of depth and type of case is afforded by both Wild- 


Ira > n 
Precise contre 


Barfield gas carburising processes —the “P.T.G.” and “*Carbodrip” drip 
feed. By these methods carburising proceeds at almost the maximum 


theoretical rate. We will be glad to send you full details on request. 


OW FOR ALL HEAT-TREATMENT PURPOSES 


WILD-BARFIELD ELECTRIC FURNACES LIMITED 





we 
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2,000-ton Forging Press ; Messrs. Forging and Pr work Ltd.. Birmir 
+ } 
Cul COS(S WITN... 
Massey forging presses can be used for three Massey designs include: 
distinct purposes—die forging, extrusion and Sicam and Com tir H 
coining. They are simple to operate, enabling Pneumatic Power Hamn 
unskilled labour to be employed ; and practically Friction Drop Hamn 
Output is limited only by the material handling Double-acting S ; 
facilities provided. High Speed Presses are Compressed Air Drop Han 
available in sizes from 300- to 3,000-ton and the Forging Presses. Trin 
Low Speed Presses from 300- to 1,000-ton Presses. Tyre | R 


B«S. WAASSEY [F° oPENSHAW - MANCHESTER - ENGLAND 


MAKERS OF THE WORLD’S GREATEST RANGE OF FORGING PLANT 








FORGING RANGE i , 


ee semana 








‘FORGEMASTER’ 
HIGH SPEED 
FORGING PRESS 


600 ton capacity Stripping and Setting 
Presses in the Works of Messrs. 
Clydesdale Stamping Co. Ltd., Nether- 
ton. 


STRIPPING AND 
SETTING PRESS 


Wilkins & Mitchell Forgemaster High Speed Forging 
Press, 1,500 tons capacity, and Clipping and Setting 
Press in production on precision forgings for Messrs. 
Garringtons, Bromsgrove. 


Wilkins & Miechell Stripping and Setting Presses 
make multiple operations in line-flow produc- 
tion a practical proposition. This increases the 
productive capacity of both drop hammer and 
forging press and ensures: 


increased output 
closer tolerance forgings 


reduced component cost 





WILKINS & MITCHELL LTD 
DARLASTON + SOUTH STAFFS + ENGLAND 


Export Section: 70, Park Lane, London, W.1. 
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KIVETON PARK STEEL AND WIRE WORKS LIMITED, KIVETON PARK, NEAR SHEFFIELD 


TELEPHONE KIVETON 252 (3 LINES) 
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Coeody GR FERROCLAD ‘EE 


*‘GR* FERROCLAD * EE’ bricks, which are now available at the same 


price as normal metal-cased bricks have been developed to reduce spalling 





and flaking normally associated with basic bricks—to an absolute minimum. 


FERROCLAD 30 ‘Et (chrome-magnesite), FERROCLAD 70 ‘EE’ 


The Orly British (magnesite-chrome), and FERROCLAD 100 * EE* (magnesite) are recom- 
Metal-Cased 


mendec 
Basic Brick 


Integrally 


on all 4 sides 
GENERAL REFRACTORIES LTD 


GENEFAX HOUSE, SHEFFIELD 10. TEL. SHEFFIELD 31113 


{ for use in vulnerable areas in basic open hearth and basic electric 


furnaces. For roofs and ends these bricks may be suspended 

















metal treatment 
and Drop Forging 


Heat treatment furnaces 
with special features 
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‘‘Fulload ”’ 


furnaces 





offer Messrs. Lloyds (Burton) Limited 
e & « 


Maximum efficiency with minimum fuel consumption The 
unique exhaust flue arrangement in the bogie hearth ensures 
speedy heating of the load, constant temperature in the 
furnace and the elimination of cold areas in the heat ng zone 


We supply furnaces for all purposes and all fuels, batch type 


or continuous 
For further particulars ‘ae 


ask for leaflet 47. 


MODERN FURNACES [ante 
and STOVES LIMITED Baas 


BOOTH STREET, BIRMINGHAM 21. phone: SMEthwick 1591-2 grams: Mofustolim., B’ham 21 
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cooling 


for cycle 








makes this 












C) 
cycle annealer one of the most versatile ‘ oe 
heat treat units in the country. It anneals, 32 & — j 
cycle anneals, and normalizes gear forgings 4 loxsegguenscssaqneatt € a i 
of different size, shape, and alloy at the net | ROCKWELL “e ees 
rate of 1,250 Ibs. per hour, or better. SS —————— ‘ 

Such exceptional versatility is achieved 4 Pr 
by a superfast cooling zone. Really a full S| | 3] 8] & 
convection furnace within a direct-fired ~~ =12 | me Sy a 
furnace, this zone 1s isolated by refractory . ; 
doors It can be used or by-passed, r ! 
depending on which of many cycles the o (is So a 2 
customer wants. As a result, the customer Yo. ° o es — ! ’ 
can heat treat as many as 13 different alloys mal = 
in this one furnace ! | =. ae 

Adding to the flexibility of the furnace is rY —_ # 3 
a modular tray design. Each module is an a =e > 
18 » 20-inch chrome alloy casting. Modules - 5% > 


can be combined to hold anv size of work 
up to 800 pounds. They are also used to carry work outside the furnace. 


ASSOCIATED WITH SURFACE COMBUSTION CORP., TOLEDO, USA 
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ACES 


A wide range of standard or tailor-made mechanised forge furnaces is available, Pusher 
Type - Rotary Hearth Type - Conveyorised Bar End Heating, with GGC scale-free heating 
system or fired by gasor oil. The photograph above illustrates a small Thermic Magazine 
Feed Pusher furnace fired by CC Burners. Output: 7-cwts. of small billets per hour 


Thermic Equipment & Engineering Co. Ltd. 


(Subsidiary Company of Gibbons Bros. Limited, Dudley) 


SALMON STREET, PRESTON . TELEPHONE : PRESTON 56254'5 . TELEGRAMS : THERMIC-PRESTON 
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Bonded with” appropriate 






aggregate this cement provides 
Super-duty Castable Refractory Concrete 
for [service {temperatures up to 1,800 C (3,300 F) 


Refractory Concrete free from iron Compounds 








& Silica is now possible for the first time. Registered Trade Mark 


A REFRACTORY CONCRETE FOR ANY PURPOSE 


BECAUSE 

Aln t the entire Refractory field can be covered by 
Refractory Concretes based on SECAR 250 of 
CIMENT FONDI 
SECAR 250 concretes have all the well known properties 


f Ciment Fondu concretes 

PLUS 

HIGH PURITY 

HIGH REFRACTORINESS 

HIGH SLAG RESISTANCE 

HIGH COLD STRENGTH 

HIGH SPALLING RESISTANCE 

HIGH CASTING ACCURACY 

HIGH RESISTANCE TO CORROSIVE ATMOSPHERES 
NO SPECIAL PRE-FIRING PROCEDURE 


SECAR 250 


is a product of 
Lafarge Aluminous Cement Co. Ltd. 









Ng? j Mork Ee 
ALUMINOUS CEMENT 











WRITE FOR BOOKLETS ‘SECAR 250' AND ‘REFRACTORY’ CONCRETE 


LAFARGE ALUMINOUS CEMENT CO. LTD. 73, sroox sTREET, LONDON, wt. TEL: MAYIair 8546 
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Tri-Mor Plastic & Gastables - 


i 
j 
| 
j 


_| MAKE INSTALLATION EASIER, QUICKER AND CHEAPER 


september 





- 











| Front and side walls of a Queen Mary boiler in Tri-Mor High Temperature Mould- 
< 


| } al with MR 60 anchors. Burner urls in In-Mor High Temper Castable 








f 
| 
| 
— 
TRI-MOR GRADES TRI-MOR High Temperature Mouldable 
a A plastic refractory for use up to 1,650 C: low shrink- 
1 TRI-MOR Svandard Castabl age and a high resistance to spalling. Supplied mixed ro 
liur refractory having negligib to the correct consistency for installation | 
350 C. Suitable for casting special TRI-MOR Deo» —— = 
ee | shapes u structures. Limiting servic A hydrau etting refractory with a maximum ser- | 
temperature 1,350 vice temperature of 1,300 C. It has a high resistance | 
| TRI-MOR High Strength Castabl to abrasion Des gned for application by cement gun Lo] 
A similar refractory to Tri tandard Castable, but can b welled | 
| but specially developed to hav TRI- MOR Insulating ¢ | 
a strengt! wer the lower! lating castat for Maximum service tempera- — 
we mum service temperature 1,2 tur of 1,200 C; low thermal conductivity | 
TRI-MOR High Temperature Castabl. aan Spaces 
rd Suitable for face temperatures up to 1,6 C; has an TRI- MOR Insulating ““Guner wae 
| extremely high resistance to thermal shock; used for Similar to Tri-Mor Insulating Castable but for appli- 
| cast in situ monolithic structures and tor pre-cast cation by cement gun } 
peas | refractory shapes; can be applied with a cement gun Full details of each grade are available on requ [] 
— 


MORGAN 


efractories Ltd 





rite t0: MORGAN REFRACTORIES LTD. NESTON, WIRRAI HESHIRI TEL: NESTON 1406 


Sas A SS MH 
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Illustrated is a highly success- 
ful batch-type Forge or 
General - purpose Smithy 
Furnace. Fitted with Self- 
proportioning Burner Equip- 
ment having single lever 
control of both air and fuel 
supplies, for either Gas or 
Oil Firing. 

% 
Built to dimensions best 
suited to meet purchaser's 
individual requirements with 
single door as illustrated, with 
multi- doors, or double- 
ended. 

e 
Highest grade lining and 
hearth construction with 
correctly applied burner 
equipment ensures lowest 
possible operating and main- 
tenance costs 


MANCHESTER 
: FURNACES LTD. 


Telephone: MANCHESTER EAST 0/37 GLOBE WORKS - MANCHESTER - I! 














~~ 
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Quality Production 


Behind the up-to-date methods of manufacture 
by which Gibbons Refractories are made, 
lie a hundred years of experience and 

research at the Gibbons works, in the 


pLex)Lto development of furnace linings of 


‘MINUS the highest heat-resisting qualities 


& a 
5, - @ . . 
THALES 

1 

’ . = & 
of oF if 


ew as ww we ww 


SUPERIOR REFRACTORIES 


H.T.1 - ALUMINOUS . SILICA - FIREBRICK 
SILLIMANITE 





Gibbons (Dudley) Ltd., Dibdale Works, Dudley, Worcs. 
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Ilustration by permission 
of High Duty Alloys Led 


ACHESON COLLOIDS LTD. (Subsidiary of Acheson Industries (Europe d PRINCE ROCK SLYMOUTH DEVON 
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Introducing 2 new 
versatile and compact units 
for surface hardening and 


brazing heavy sections 








18kW and 7 KW 


Lisgtieeel 


High Frequency 
Induction 


Heaters 


Each heater has a power tput control to 





work tabl 


Write for further infor 





For efficient process heating use 
&G.C. FURNACES - HIGH FREQUENCY + INFRA-RED 


MAGNI SE, KINGSWAY, LONDON, W.( 





THE GENERAL ELE 


Oo 





metal treatment 
ptember 1958 17 and Drop Forging 











SMETHWICK DROP FORGINGS LTD. ¢ SMETHWICK AND KIDDERMINSTER * ENGLAND 
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and about the very latest designs 
of vertical air circulation furnaces 
in a new METALECTRIC leaflet 
In addition to the standard range, 
there is interesting information on 
the larger pit furnaces and their 
diverse applications 

May we send you a copy, 
and, if required, advice on your 


current heat treatment problem? 


VAS. 7 
10°’ dia., 10° deep. Rating—4kW 


METALECTRIC FURNACES LIMITED 


SMETHWICK ENGLAND 
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POLISHING 
AND 

POLISHING SHOP 

REQUIREMENTS 


LATHES 


PRopuCcT oF THE Meg GRrouP oF COMPANIES 
HEAD OFFICE 


8.0 MORRIS LIMITED, BRITON ROAD, COVENTRY TEL 5081 
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STANDARD 


FORGER 





Covmac Forging Machines are made in 
eight sizes to take bars from | to 6 
ins. in diameter. Safety devices on 


all models prevent overloading. 


Covmac also make Automatic 
Forging Machines, as well as 
machines for making balls up to 
and including 4 ins. diameter. 
In addition there are 
three sizes of Hot 
Milling and Sawing 


Machines. 







3-in. machine illustrated with 


main guards removed 


COVENTRY MACHINE 


TOOL WORKS LTD. 


GRANTHAM RD., HALIFAX 
YORKSHIRE 


Phone: Halifax 3234-5 





stetetete ee Sats Grams: Covmac, Halifax 
. 


OVERSEAS AGENTS: AUSTRALIA: Gilbert Lodge & Co. Ltd 86 Ha Street, Ultin Sydnev. N.S.W. CANADA: W ‘ &W 

Ltd., 544 Inspector Street, Montrea FRANCI Societe Ar yme Alf H ‘ & 3 Rue du Delta, Par ”) HOLLAND: Esmener & ¢ 
Oosterkade 24, Rotterdam, ¢ INDIA: Alfred Herbert (India) I S iR 1. P.O.B. 681. Calcutta, 1 NEW ZEALAND: Gilbert 
Lodge & Co. Ltd Head Office 244G Sout Road, Newmarke Auck i. N.Z. (P.0.B 1194. Newmarket als at Christchu 
and Wellington PAKISTAN Guest, Kee & Nettlefolds in Pakista Ltd P.O.B. SIY Ba k of India Buildings (3rd fF B le Roa 
Karachi. SOUTH AFRICA AND RHODESIA: Hubert Davies & ¢ Ltd., Hudaco House Rissik Street, Johannesburg. SPAIN: Gumu 





S.A. Gran Via 48, Apartado 920, Bilbao 
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Thousands of firms 





have already proved that the 


"FR 





NSITROL 


COMBINES MAXIMUM RELIABILITY 
WITH LONG-LIFE SERVICE 





TYPE 
TYPE 
TYPE 
TYPE 
TYPE 
TYPE 








4 
ETHER TRANSITROL 
INDICATING 
TEMPERAT URE-CONTROLLERS 


990 
991 
992 
993 
994 
995 


Two-position (on/off 





ENQUIRIES, SALES & SERVICE: 
Tyburn Road, Erdington, Birmingham, 24 
East 0276-8 
Caxton Way, Stevenage, Herts. 
Stevenage 780-4 
Representatives throughout the U.K. 
Agents in all principal countries 





wt ———— 
mar, TRANSITROL 
ron woe NOM ane 


s 
$ ince 1 9 5 6 9 wher Ether Ltd. invented 
the transistorised indicating temperature-controller, 
thousands of these remarkable, direct-deflection 
instruments have been supplied to the STEZL, PLASTICS 
RUBBER, CHEMICAL and PETROLEUM industries at home 
and overseas. 


Ether Transit,ol Controllers, essentially simple in 
design, are accurate, reliable and surprisingly in- 
expensive. They employ no thermionic valves and 
they require no warming-up time. Ether Transitrol 


Controllers were the first in the field ; they are still 
the finest. 
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‘Now you can make WELDED TUBES 
ee rn eon 


Within the last few years rapid strides have been 
made by Yoder in widening the scope and raising 
the speed of cold process electric-weld pipe and 
tube making. In tube mills perfected by Yoder 
many non-ferrous metals can be induction-weld 
in gauges up to -154” and at speeds approaching 
those attained in resistance welding steel tubes 
Further, speeds up to 250 f.p.m. are reache 
induction-welding steel tubing in the same gauges 
New, compact Yoder *' 4-in-1'' Welding Trans 
s the last word in resistance-welding st 
tubing in sizes up to 24” diamet 
More specific information, literature and 


on request, without obligation on your 


vent 
WIECK™MAN LIMITED 


FACTORED MACHINE TOOL DIVISION. FLETCHAMSTEAD HIGHWAY 


432 
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Photograph by courtesy of 


Ltd Birminghan 









Tucker Eyelet Co 





Geo 


one, two, buckle my shoe... 


Of course. the buckles have changed to eyelets, but the rhyme holds good, 
for there are two INCANDESCENT roller hearth furnaces in this factory 


bright annealing 8 cwt. of steel and brass eyelets an hour 
INCANDESCENT roller hearth furnaces use centrifugally cast nickel-chromium 
alloy rollers for temperatures up to 1.000 C.. and sillimanite compression rollers 
for use at higher temperatures. Both are exclusive INCANDESCENT features 
Heating is by gas-fired radiant tubes above and below the rollers giving a high rate « 
heat transfer and uniformity of heating. The protective atmosphere is 
supplied by INCANDESCENT exothermic gas generators 


INCANDESCENT 





THE INCANDESCENT HEAT CO. LTD., SMETHWICK, ENGLAND 


8 






















> Brayshawo 


\ 





GAS FIRED 
SHAKER HEARTH 
FURNACE 





Improve production of small parts in 

quality as well as quantity with this modern 
and compactly designed continuous furnace. 
Its simple and straightforward operation 

using automatic hopper feed, if required, is 


| the obvious answer to large scale 





r production heat treatment as well as 
1 process heating 





General view of Brayshax 
Shaker Hearth Furnace 


Close up view of work tray with 
Four standard sizes with nominal outputs typical load of bolts 
of 56, 112, 224 and 448 Ibs. per hour 
dependent on size and nature of parts 
cover most requirements 

Leaflet G3 58 giving full details is 
now available on request. Have you 


received your copy yet ? 


BELLE VUE WORKS, MANCHESTER 12 


Telephone : East 1046 (3 lines Telegrams : ‘ HARDENING’ MANCHESTER 
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HASENCLEVER 




















One of three Hasenclever forging 
presses, producing precision forged 
heavy bevel gears in a modern 

car factory. 100 to 6,000 tons. 


By courtesy of : 








1748 


39 VICTORIA STREET-WESTMINSTER-LONDON SWI 


Telephone ABBEY $338 Telegrams: PFOWAFORGE SOWEST LONDON Cables: POWAFORGE, LONDON 


PAUL GRANBY & CO.LTD. 
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manufacture, properties, heat treatment, manipulation, testing and 
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The ‘ new’ sciences 


Cold heading and upsetting G. H. TOWNEND, M Eng, 
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New forging techniques 
The ‘ Mercast’ process 


Precision casting, using frozen mercury as the pattern mater 


l lal 
Liquefied petroleum gases and their uses in metallurgy 
C. F. PORT 
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operational research workers when dealing with problems in the 
metsllurgical industries 


Uranium in Britain 


Surface finish: metallurgical and mechanical aspects 
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them. Particular attention is paid to chip formation and its influence 
xamined 
and investigations into the mechanism underlying the form: 
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NAD FS Spring lectures 1958, No 1. A summary of the first of 
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The ‘new’ sciences 


E publish this month the first part of an article on operational research, an 

article of a kind we have been seeking for some months. The activities of those 

who practise operational research can, we are convinced, be of inestimable value 
in many fields as long as they do not fall into two extremes of error. The first of these is 
producing results so complicated that they can only be judged by fellow operational 
researchers, the other is finally coming to the surface with conclusions so obvious that 
the average laymen could have reached them without recourse to mathematical analysis. 
We hope that in the contributions which appear in this and the next two issues of METAI 
TREATMENT it will be demonstrated that properly conducted operational research can 
and does steer a course between these two potential dangers. 
Operational research may fairly be termed a ‘new’ science. While the branch of mathe- 
matics known as statistics has been in existence for a long time, the extended application 
of such mathematics into problems of doing efficiently practically everything from selling 
soap to winning wars has only received widespread acceptance over the last twenty years 
or so. The general nature of these techniques, particularly as applied to problems in the 
metallurgical industry, will, we hope, be made clear to readers of this journal. 
A science which is of the same general lineage as operational research, but is an even 
younger member of the class, is that known as ‘cybernetics.’ This, roughly speaking, is 
the general study of control and communication, and during the first week of this month 
the Second International Congress on Cybernetics has been held at Namur in Belgium. 
One contribution to this meeting which has come to our notice is a particularly forthright 
exposition of certain features of cybernetics by Mr Stafford Beer, who is head of the 
Operational Research and Cybernetics Department of United Steel Companies Ltd. 
Mr Beer challengingly entitles his address ‘ The irrelevance of automation.’ 
A good deal has been spoken and written in recent years about the impact of automation 
leading to a ‘ second industrial revolution.’ The fully automatic factory is, we now know, 
within the realms of possibility and something very much like it may be already in 
existence in Soviet Russia. Because it 1s a possibility, the feeling has grown that it must 
come, that it is reactionary and stupid to think otherwise. In other words, as Mr Beer 
points out, the old ethical dictum that obligation implies possibility has been stood on its 
head—possibility is now assumed to imply obligation. 
(Exactly the same philosophical inversion is, of course, to be found regarding space travel 
and sending rockets to the moon. Because it is technically feasible no effort must be spared 
to make it a reality, whatever the cost. Vast sums are involved, but it seems that only one 
or two astronomers have had the temerity to suggest that the money might be better spent 
in some other field of human endeavour! 


But, says Mr Beer, have we really considered what such an automatic factory implies ? If 





metal treatment 


26 september, 1958 
and Drop Forging 


eS SS 


a = 


features of” ; 


— 
a 





fw 


ding 
outstana’ 4 speed vertical 


ZoHwUmMoyz>,YSsr 


Caliper type brake 
Our own design giving excellent 
performance under severest conditions 






Top and bottom ejectors 
air operated, adjustable to suit all requirements. 


> 
— 


Operation of air ejectors 
can be limited to every second or third 
stroke as required 


Calibrated table adjustment 


ensures accurate die setting 


The Lamberton Press produces 
accurate forgings at high speed under 
rigorous production conditions, 
and requires minimum maintenance 
for safe, reliable operation. 


Write for details to 


EUMUCO (England) Ltd 





12 GREAT PORTLAND STREET, LONDON, W.1. retepHoNne: MUSEUM 2586/7 
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Cold heading and upsetting 


G. H. TOWNEND, M Enc, A MI Mecu E, and F. B. WILSON, MB E, MI Mecu E 


Methods and machines used for the production of cold-headed parts are discussed 


as well as the materials suitable for the process. This paper was presented at the 


* Conference on technology of engineering manufacture’ arranged by the Institution of 
Mechanical Engineers, in London, March 1958. Mr Townend is manager, Mechani- 
cal Engineering Division, G K N Group Research Laboratory, and Mr Wilson 
is technical adviser, Guest Keen and Nettlefolds, Bolt and Nut Division 


THE TERMS ‘COLD HEADING’ AND ‘ UPSETTING’ 
refer to a process by which a head substantially 
larger than the shank or main body is formed on 
a work-piece. Many cold-headed products are 
axially symmetrical, and for most applications the 
starting material is round wire. The process is 
most widely used in the manufacture of fasteners 
because of the high production speeds attainable 
with economy of material. Small bolts, for example, 
can be manufactured at the rate of 200 min. Thread 
rolling is a process which 1s frequently combined 
with heading in the production of fasteners. 
Machinery is now available that allows both 
operations to be performed on one machine. Cold 
heading is not limited to the production of fasteners. 
A wide variety of shapes can be produced and 
special parts are being made for many industries in 
increasing quantities. 


Materials 

The most commonly used material is carbon 
steel. Many of the common fastener requirements 
are satisfied by the use of low-carbon steel. It has 
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1 Influence of carbon content on physical properties 
cold-heading steels as hot rolled 


the merit of being low,in cost, and it is easily and 
cheaply worked. 

Fig 1 shows the influence of carbon content on 
the properties of the type of carbon steel used for 
cold heading. It can be seen that the lower the 
carbon content the greater the ductility and the 
lower the load required to deform the material. 
Increased carbon content will allow a stronger final 
product. The choice of material for heading will 
therefore be governed by the conflicting interests 
of ease of forming and required properties. Typical 
analyses for low carbon steels used for heading 
would be: 








Carbon 0-15—0- 20 0-10—0-15 
Manganese .. .. | 0-6 —0-80°, | 0-40—0-55 
Sulphur... =... | 0-05", =, 0-05°,, max 
Phosphorus... .. | 0-04°, max | 0-05°, max 
Silicon = oo ge eae 0 015 geen 


The basic principle in utilizing low-carbon steel 
is one of increasing the strength of the material by 
cold working and hence obtaining a fair strength 
from a very cheap material: but there are limits to 
the total amount of cold working practicable. 
Cold-heading wire is produced by cold-drawing 
hot-rolled rod. The effect of cold drawing on 
tensile strength, reduction in area and elongation of 
a 0-3°,, carbon steel is shown in fig 2. As reduction 
is increased the strength of the material is increased, 
but the ductility is reduced. The limitation to 
prehardening by cold drawing is that the material 
must retain sufficient ductility to allow the sub- 
sequent upset to be performed. For many heading 
operations it 1s necessary to limit the wire-drawing 
reduction to one draft. 

Severely upset materials require a stress-relieve 
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it is to be economic in terms of its investment it demands an automatic market. It has 
little or no flexibility, it cannot afford to slow down, it demands an automatic influx of 
capital to stock it, to maintain it and to keep it running. Further, it demands the almost 
complete subservience of its manpower. The managers must initially take a vast set of 
almost irrevocable decisions which are then built into the plant, and having taken them 
they must abdicate. The labour force must accept a steady downgrading as they are 
shifted from jobs which disappear into jobs too trivial to be handed over to a machine. 
Many people, even though they have not thought it out anything like so fully, realize that 
this just will not do. This vision of the industrial society of the future is nearer to hell 
than to heaven, and an instinctive revolt against it is inevitable, however hazy the back- 
ground of ideas may be. And so, suggests Mr Beer, many of the things which really 
should be done are not done, processes which really should be made automatic, routines 
which should be entrusted to computers, and decisions which could be better taken by a 
machine—all these remain to be carried out in the traditional manner. A barrier of 
resistance is set up to hinder the work of the cybernetician, a barrier due primarily to 
reading the wrong aims into the new industrial revolution; to putting it forward for 
the wrong reasons and, naturally, receiving the wrong response. Automation, claims 
Mr Beer, is irrelevant to the issues before the industrial world today. 

What, then, is the role which cybernetics is to play in solving the problems of an industrial 
society ? Here, unfortunately, Mr Beer becomes rather harder to follow, probably owing 
to the difficulties of language. All forms of science have their own particular terminology 
and unless the reader is familiar with such a terminology it is virtually impossible, in the 
space of a relatively short address, to explain clearly what the science is all about. Cyber- 
netics may be regarded as a thinking-tool for solving control problems, and Mr Beer 
points out very effectively that the systems of control which keep the human body func- 
tioning and surviving are analogous to the systems of control which operate in a large 
organization (e.g. United Steel Companies?) consisting of a central administrative 
headquarters and a number of subsidiary companies which are factories. Just as a man’s 
heart, lungs, digestive organs, etc, go on functioning without a conscious directive from 
the brain, so we do not expect every managerial decision in one of the subsidiary factories 
to be made as a result of a directive from head office. Any company which tried to run on 
these lines would soon grind to a stop, just as a man who had consciously to control every 
breath and heartbeat would soon be a nervous wreck. 


So far so good. Mr Beer illustrates very well the kind of analytical thinking which the 
cybernetician undertakes when examining systems of control and communication, and 
points out that automation is essentially only a special cybernetic model with close 
coupling, error-controlled feed-back and quick response rate. It is wholly wrong to 
imagine that universal automation is the goal which cyberneticians invariably seek. 

What cybernetics may eventually do for the world seems at the moment to be a little 
uncertain, unless its practitioners are content simply to go on observing, recording and 
giving names to different systems of control. Is it too much to hope that they may even- 
tually succeed in showing us how to tackle the ups and downs of the National economy ? 
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ing. Some operations, particularly extrusion, call 
for a heavy lubricant coat to achieve a satisfactory 
die life while others, such as split die work, need 
a light coat to avoid fouling the dies with excess 
soap. 

For the higher-strength materials it is frequently 
necessary to introduce heat treatments into the 
preparation of the wire to achieve a starting material 
with sufficient ductility and in a soft condition. 
For very severe heading operations even low- 
carbon wire may be heat treated. The heat treat- 
ment is introduced between a preliminary drawing 
and a final very light drafting in the wire mill. 
This gives a much softer stock, with a bright drawn 
and lubricated finish, than could be obtained by 
direct drawing. 

The heat treatment consists of annealing either 
above the critical range (900—950 C) or below the 
critical (650—700 C) producing pearlitic and 
spheroidized structures respectively. 

Spheroidizing treatment takes longer but pro- 
duces a wire with better heading properties. 
Being more expensive, spheroidizing is only used 
for very difficult upsets. Most bolt-forming 


operations, using wire in the lower ranges of 


carbon content, can be accomplished using annealed 
wire. 

A recent development to enable steel to be used 
in its most ductile condition 1s to replace the final 
light drawing operation by a zinc phosphate treat- 
ment followed by a lubricant dip. The work 
hardening due to drawing is thereby avoided and 
a well-lubricated surface for cold working 1s 
obtained. 
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4 Diagrammatic representation of the operation of a 
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5 Diagrammatic representation of the operation of a 
single-blow solid-die header 
Processes 


Cold-heading processes are carried out on 
mechanical presses and the simplest form of 
machine is the single-blow header. Fig 4 is a 
diagrammatic representation of the operation of 
a split-die single-blow header. Wire from the 
coil is fed until limited by a stop a. The split die 
then closes, cutting off the wire. The punch 
advances and forms the head 6. The punch 
withdraws, the split die opens and wire feed com- 
mences, ejecting the finished blank c. 


An alternative form of single-blow header using 
a solid die is shown in fig 5. Wire is fed until 
limited by a stop a. A cut-off knife shears a length 
of wire and transfers it to the die mouth 6. The 
wire is pushed into the die by the advancing punch 
which then forms a head c. An ejector pin pushes 
the completed blank out of the die d. The solid 
die header produces a more accurate blank than the 
split die header. Another advantage is that it 1s 
possible to extrude part of the shank when it is 
pushed into the heading die. This operation is not 
possible on a split die header. By extrusion 1s 
meant the reduction of part of the shank by a 








metal treatment 
and Drop 


354 


Forging 


60 








8 
CENT 





TENSILE STRENGTH—tons in? 





ELONGATION 











REDUCTION IN AREA AND ELONGATION—PER 


o 0 
0 20 #“ 
REDUCTION IN AREA IN DRAWING—PER CENT 





2 Effect of cold drawing on tensile properties of 0-3 
carbon steel 


or process anneal at about 500—550 C to restore 
some degree of ductility to heavily worked parts. 
This involves some loss of strength, depending 
partly on the temperature of the anneal. While 
the necessity for a process anneal depends on the 
severity of the forming operation, a given shaped 
part may or may not require a process anneal, 
depending on the method used for the forming. 
More will be said about this later. However, it is 
worth noting here that it is possible to manufacture 
from low-carbon steel bolts with certain head 
forms with a tensile strength of 45 tons sq in. which 
may be safely used without process annealing. 

Where a cold heading operation is severe, a 
rimmed steel is frequently used. The outer skin 
of this type of steel is very ductile because of its 
low carbon content, so reducing the risk of surface 
cracks being formed in the product. 
this type of material is limited to carbon contents 
not exceeding about 0-12°,, carbon. 

The presence of sulphur and phosphorus as 
impurities in the steel has an adverse effect on the 
ability of the steel to be cold worked. Sulphur 
precipitates as sulphides and hence reduces the 
available ductility of the steel, but the effect is 
unimportant below 0-05 On the other hand, 
a high sulphur content improves the machinability 
of the steel. 
cold-formed nuts easier. In certain cases the high 
nitrogen content of acid steels is useful in improving 
machinability of headed products. 

Since the heading operation increases the diameter 
of some parts of the work-piece, considerable cir- 
cumferential strain is imposed. Wire of good 


The use of 


For example, it makes the tapping of 
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surface quality must therefore be used if defect 
are to be avoided. The presence of seams and lap 
in the surface of the wire must be avoided, and 
special precautions such as ingot dressing or heavy 
scaling during or after the rod-rolling stage arc 
sometimes taken to provide wire of faultless surface 
quality. The presence of any central unsoundnes: 
or pipe may also cause difficulty, particularly during 
thread rolling. 

For manufacture of products which require 
higher strength than can be obtained from cold 
worked low-carbon steel, a medium-carbon or 
alloy steel is used, the required properties being 
obtained by heat treatment. The use of medium 
carbon steels is limited to sections which can be 
through-hardened by oil quenching. The use of 
a more severe quench may result in cracking. To 
produce the maximum physical properties it 1s 
necessary to harden the whole of the cross-section 
Fig 3 compares the hardness penetration of 1-in.-dia 


specimens of 0-48°,, carbon steel and a nickel- 
chromium steel (1:25 Ni 0-65 Cr) when oil 
quenched. 


The use of cold heading is not limited to ferrous 
material. Copper, silver and certain brasses and 
bronzes are all readily headed. 

For heavy brass upsets, the copper content of 
the brass should be at least 62°,, and impurities 
should be controlled, particularly lead and iron 
Limited upsets can be performed on leaded brasses 


Preparation of material 

In most cases cold-heading wire is manufactured 
by dry drawing from hot-rolled rod, using a metallic 
soap as a lubricant. The rod is first pickled to 
remove the rolling scale and then given a coating 
of lime. This coating makes the soap lubricant 
more effective both in the drawing operation and 
in the subsequent heading operations. The thick- 
ness of lubricant coating applied to the wire can be 
partly controlled by the heaviness of the lime coat- 
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10 First-blw heading puncl 


upset, when more than three blows are required. 
An annealing operation can be carried out before 
the work is reheaded. Fig 8 shows the stages in 
forming two large upsets using single- and two-blow 
reheading. 

While the dimensions of the finished product 
are controlled by the shape of the final-blow punch, 
the design of the intermediate-blow punch form 
will have an influence on obtaining satisfactory 
grain flow in the finished product. For example, 
a first-blow form shown in fig 9a would produce 
a good head while that shown as fig 96 would 
produce a bad grain flow and probably laps in the 
head. 

The type of first-blow punch most generally 
recommended takes the form of a cylindrical section 
with a cone below (fig 10). The following con- 
siderations usually apply to the design of first-blow 
punches; but certain types of work, such as pro- 
ducts with short shanks, may need some modi- 
fication in the design 

1) The cylindrical portion of the punch 1s 

slightly larger than the wire size and 
supports a portion of the wire. As men- 
tioned above, the unsupported length is 


2-6 times the wire diameter. This value 
is somewhat larger than the unsupported 
length allowable with a single-blow punch 
because some support is obtained from the 
cylindrical part of the punch. The length 
of the part of the blank deformed after 
the first blow will be determined by the 
cone angle of the punch. The larger the 
cone angle the smaller will be the upset 
length, so that the total length of blank to 
be upset in the second blow will be smaller. 
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12 Stages in cold forming a nut blani 


2) The first-blow form must not buckle at the 


second blow. A small cone angle (that is, 
a long cone length) and long length of 
cylindrical portion both tend to make the 
second blow unstable, and for a given cone 
angle there is a limit to the allowable 
length of the cylindrical portion. How- 
ever, the larger the cone angle the more 
pronounced the transition from the conical 
to the cylindrical section and the greater 
the tendency to form folds in the grain 
flow of the final product. This effect is 
not marked up to included cone angles of 
18 deg. 

To obtain the best grain flow, the smallest cone 
angle consistent with avoiding buckling during 
heading should be used; large upset ratios, how- 
ever, make it necessary to use large cone angles to 
obtain freedom from buckling during both blows. 
Above an upset ratio of about 4 an ideal grain flow 
is not usually achieved. The table on page 358 
shows the relation between upset ratio and necessary 
cone angle. 

So far, machines in which the work-piece is 
formed by one or more blows while in a single die 
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conical-shaped die which is integral with the 
heading die. 

In heading, the ratio of the length of wire upset 
L , { to the original diameter of the wire is termed th¢ 
f ‘upset ratio.” As the upset ratio is increased there 
is an increasing tendency for the wire to buckl 
and so to produce unsatisfactory heads. The 
permissible upset ratio will be influenced by square 
ness of cut-off and by the lubrication, surface con 
dition and shape of the punch. The maximum 
{ {| possible length upset in a single blow is unlikely to 

exceed 2-3 times the diameter. 
- If heads containing a greater volume of material 
Z are required, more than one blow is used. The 
principle is to support part of the wire in the punch 
, during the first blow, thereby avoiding buckling 
A second punch then shapes the material to the 
final form while it is still held in the same die. The 
operation of a two-blow header is shown diagram 
matically in fig 6. By the use of two blows the 
permissible upset ratio can be increased to about 
5 4). Similarly, by the use of three blows the upset 
ratio can be still further increased. Fig 7 illustrates 
the upset of a large head in three blows. While it 
would be possible to increase further the number 
of blows, and the upset ratio, in practice the decreas 
ing ductility of the material would generally pre 
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a clude this without intermediate annealing. Single 
and two-blow heading are by far the most common 
7 Stages in forming a head in three bloz Machinery exists for reheading a partially formed 
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a two-blow header. Fig lla shows the stages in 
forming a bolt on a heading machine. The starting 
material is of shank size and the thread-rolling 
diameter is extruded from this size, while the head 
is upset in two blows to a cheese shape, prior to 
trimming to hexagon. The degree of upset or 
reduction by extrusion may be expressed as loge 
A,/A,, where A, is the final cross-sectional area of 
the part of the bolt considered and A, is the cross- 
sectional area of the original wire. Values of 
degree of upset for a bolt formed in the above 
manner are shown in fig lla. 

When a progressive header is used, the starting 
material can be larger than the shank size. The 
first operation reduces a portion of the blank to 
shank size (fig 116). The second operation reduces 
a part of the extruded blank to thread-rolling 
diameter and upsets the cheese for the head. By 
this process the shank receives some cold work 
while the head receives less compared with the 
two-blow process previously described. The 
degree of upset, and so the degree of work-hardening 
in the various parts, is made more uniform as 
shown in fig 11. 

By starting with wire above shank size the upset 
in the head is reduced, so that it is often possible 
to produce satisfactory bolts without the need for 
subsequent heat treatment. The method of manu- 
facture described above is, of course, only one of 
many possible tool arrangements on a progressive 
header. This flexibility is most useful in adapting 
the machine to a wide variety of requirements. 

While the degree of upset has been defined above 
a log. A, Ay, this figure is only a measure of the 
average amount of deformation. The actual defor- 
mation which occurs in a head is by no means 
uniform and the degree of work hardening will vary 
throughout the head. ! 

An important class of machinery not so far 
mentioned is used to form nuts cold. By one such 
process round wire is upset to hexagonal form and 
the central hole is partly formed from both sides of 
the nut. The material remaining in the hole 1s 
pressed out. These operations are carried out on 
a transfer type of machine and are illustrated in 
fig 12. 

To summarize, the amount of material upset is 
limited by the stability of the material during the 
forging operation. The degree to which the material 
can be upset is more a function of the ductility and 
surface quality of the material. The size of work 
which can be upset is determined by economics. 
The practical limit appears to be about 1-in.-dia 
wire with a length of 6 to 9 in., although machines 
with a capacity up to 1} in. dia exist. 

The processes described above are capable of 
forming a wide variety of shapes. As with other 
processes it is, however, necessary to let the advant- 
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ages and limitation of the method of manufacture 
influence the design of component. The following 
principles in design are usually applicable to cold 
heading, although exception can be found to them: 


Design considerations 
1) Limit the amount of material upset to the 
minimum volume which will meet the 
requirements of the component. This is 
subject to the exception that large thin 
heads are difficult to form. 


2) Keep the diameter of the head to a minimum 
to meet requirements. 


3) Avoid square inside corners or sharp junctions 
between head and shank if possible. 


4) Steel becomes more difficult to head as the 
carbon content increases. Complex shapes 
should be specified in low-carbon steel 
whenever possible. 


WI 


Axially symmetrical components are easier to 
form than off-centre or eccentric parts. 

6) When a shank requires a stepped diameter 

allow for a taper at the step. 


Very long extrusions should be avoided. 


Applications 

The range of products which can be made by 
cold heading is so wide that it is only possible to 
illustrate a few applications. Though cold heading 
finds its greatest application in the production of 
standard fasteners, its use in this field is well known. 
Figs 13 and 14 illustrate a number of special 
products. 


Reference 
1) J. Billigmann, ‘ Stauchen und Pressen,’ p 120 ar! Hanser, 
Verlag, Munchen, 1953 


Birlec in South Africa 


Consolidating their venture into the South African market 
made early in 1956, Birlec Ltd announces that a Johannes- 
burg branch office, under the management of Mr S. G 
King, has now been formed. Situated between Boksburg 
and Benoni, the new branch will deal with all enquiries 
including project design and engineering service work 
The postal address is P O Box 99, Witfield, Transvaal 

It is expected that the chief demand will be for melting 
furnaces, particularly for those used mainly in making 
alloy steels. Whilst certain special equipment and parts 
will continue to be imported from the main Birmingham 
works the majority of the equipment will be manufactured 
locally by the Firlst Electro Corporation 

In the Federation of Rhodesia and Nyasaland the 
British Thomson-Houston Co (Central Africa) (Pvt) Ltd 
will continue to act as Birlec agents, but the services of 
the new branch will now be fully available to Birlec 
furnace users in the Federation 
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have been considered. An important class of stroke of the machine the various stations on 

machines are those in which the work is formed machine carry out their operation and so 
complete component is produced per stroke of t 

oar machine. It is possible to perform extrusions 

Included cone 

Upset ratio angie. des each die in addition to a heading operation; ot! 
ee operations such as shearing or trimming a rou 


3°8 12 head to hexagonal form can also be included. O 
an! a such machine is the National Boltmaker. 1 
SE EE, ere machine includes stations for pointing and thre 

4°3 20 rolling. While these machines were develop 
aa) hd principally for boltmaking a great variety of pr 


ducts can be formed on them. 
Some of the advantages of the progressive 
in a series of dies and punches, the work being transfer header can be seen by comparing the mar 
automatically transferred between stations. Ateach facture of a bolt on such a machine with that 
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Sankev-Telcon Ltd, a 


company owned jointly by 
Keen & Nettlefolds Ltd and the Telegraph 
Construction €& Maintenance Co Ltd, 1s the sole 
yperating licensee of the ‘Mercast’ process outside the 
US This method of precision investment 
has been operating on a 
18 months at Telcon Works, Crawley, Sussex 
used as the pattern j 


f better quality and greater itricacy 


Guest 


casting 
for about 

Frozen 
enabling 


production basts 
mercury 1s material 


rin r 
castings lo be 


produced than those from wax or plastic patterns. 
A brief description of the new factory at Telcon 
Works was given in ‘Metal Treatment,’ August, 1956 
THE FACTORY IS DIVIDED into three main units 


the pattern and mould making, the foundry and 
finishing, and the toolroom 

The essential plant in the pattern and mould- 
making shop consists of two insulated tanks, one 
known as the freeze tank and the other as the dip 
tank. These tanks are maintained at a temperature 
of -63 C to -67 C and -60 C to -63 C respectively 
by means of a mechanical refrigeration unit housed 
in a totally enclosed room. Mercury in the dies is 
frozen in the freeze tank and these frozen mercury 
patterns, after extraction from the dies, are invested 
with a zircon-base ceramic in the dip tank. To 
speed up the freezing the freeze tank 1s filled with 
acetone to provide an adequate thermal sink. 
Because of the consequent fire hazard all lighting 
and electrical equipment in this shop is flameproof 
and, wherever possible, compressed air is used for 
operation of hoists, slurry stirrers, etc, and flame- 
proof electric motors are used for slurry mixing. 
Ancillary equipment includes 

A melt-out rack It is here that the invested 
frozen mercury patterns are allowed to warm up 
when the mercury melts and runs out of the moulds. 
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proc ess 


Use of frozen mercury pattern 


LEFT Investing the fr n mercury pattern 


Directional melting may be induced by projecting 
a stream of liquid mercury at room temperature on 
to specific sites on the pattern. The mercury 
runs into a trough underneath the melt-out rack 
where it is covered by a layer of acetone which 
suppresses the formation of mercury vapour. The 
mercury is returned from this unit through a clean- 
ing system back to the freeze tank for the making 
up of further patterns. 

Warm-up tanks These tanks are filled with 
acetone and are maintained at room temperature by 
a steam heating coil. As the tools are dissembled 
after the freezing operation they are returned to 
this tank where their temperature is brought up to 
room temperature prior to reassembly and following 
through the next cycle 


Slurry mixing umt This unit is_ used inter- 
mittently for the making up of the investment 
slurries. It consists essentially of an insulated tank 


fitted with two stirrers operated by flame-proof 
motors. Because of the intermittent nature of its 
use this tank is cooled with solid CO, 


Foundry and finishing 
Apart from melting furnaces the foundry 1s 
equipped with furnaces for firing moulds and for 
preheating mounted moulds for the casting opera- 
tion. High-alloy steel is melted in 20-lb-capacity, 
rocking-hearth, indirect-arc furnaces or in 20-lb- 
capacity high-frequency spark-gap furnaces 
Aluminium alloys are melted in a 50-lb-capacity 
electric-resistance furnace of the bale-out type, 
and a 100-lb-capacity gas-fired tlting furnace is 
used for the melting of copper-base alloys 
The green moulds from the pattern and mould- 
making shop are first dried in an infra-red cabinet 
and are then fired at high temperatures in a trolley- 
Cl 
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Forging 


Revolutionary forging methods are being developed by 
the US Air Force, claims Mr R. L. Albrecht in 
* Metal Forming and Fabricating, July 1958. Mr 
Albrecht is deputy chief of the Basic Industry Section, 
Manufacturing Branch of the Air Material Com- 
mand; a summary of his remarks ts given belox 


MANY NEW FORGING TECHNIQUES have been de- 
veloped within the past several years and many new 
and unorthodox methods are being proposed for 
development. Forgings, as in other phases of the art 
of working metal, are undergoing a rapid, revolu- 
tionary process. 

Up until this time, high die cost, long lead time, 
die sinking, machining and general high overall 
costs have made the use of forgings in aircraft and 
missiles expensive. However, many new processes 
are being tried to reduce these costs, and still 
improve the basic product. 


Explosive forging 

Outstanding among these processes is explosive 
forging, 7 e making forgings by the application of 
extremely high energy to the billet material 

If such a method can be successfully developed, 
and soon, the entire metal-working industry might 
have to rearrange its thinking. Previously, when 
working metals, be it by forging or extrusion, 
deformation rates were of the order of about a 
few hundred feet per minute at the most. The 
use of explosives, however, would give deformation 
rates of 5 to 15,000 feet per second. Deformation 
rates of this magnitude have in the past been 
entirely beyond the realm of even very forward 
thinking. 

Based on the results of experimental work to 
date, it seems that the metal may not even have to 
be heated in order to form it. In other words, 
room temperature deformation. If this is the case, 
then contamination, decarburization and scaling 
will be things of the past 

How is an explosive process of this type to be 
developed ? We propose to place a piece of billet 
material over the cavity and above this to place an 
explosive charge. We feel that the shock wave 
generated by the explosion will deform the metal 
properly into the die cavity. The resultant forging 
should have physical properties above and beyond 
the ordinarily forged materials and with only a 
minimum of capital equipment 


Ww 
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Forging with high-frequency vibrations 
Another possible new forging process is hig! 
frequency forging. The purpose of this proposed 
development is to investigate a process for forging 
ferrous materials to closer dimensional tolerance 
than those presently obtainable by conventiona 
forging methods, and to eliminate the need fo: 

costly machining. 

The metal is deformed by using normal forgins 
pressure coincident with a high order of super 
imposed vibration. These vibratory forces shouk 
allow for better die fill-out in addition to the saving 
brought about by reduced machining 

Another project is to develop coatings to prevent 
scale or contamination on hot-worked materials 
When forging steels, because of the temperatur¢ 
required, scale is formed in abundance. Thi: 
results in material waste and also poorer forging: 
Already research has made some progress in cd 
veloping a coating for titanium. This coating for 
titanium prevents contamination during heating 


Cold-rolled turbine discs 

Also under development is the cold-roll forging 
of turbine engine One of these experi 
mentally produced discs shows that the finish and 
tolerances are extremely good. Fabrication by thi 
technique will eliminate a very large amount ot 
the machining that is normally required when th 
discs are forged from hot billets 

In the area of scale and contamination preventio1 
it might be possible that in the not too distant 
future an entire forging operation might be carried 
out in a sealed inert atmosphere chamber, utilizing 
a gas such as argon. Using extensive automation 
entire forging plants may be operated in this 
manner. The only humans involved would b 
highly technical operators for close control of th« 
process. These people would have to be clothed 
in some types of pressure suits. As to pressur¢ 
suits being cumbersome or dangerous, it should be 
pointed out that Air Force pilots wear these suit: 
and still do their job 


discs. 


Faster methods for cutting billets 

Of vital interest, and one that should advanc« 
the * state of the art’ is high-speed billet cutting 
Forging and extrusion plants today receive billet 
material from the mills. These billets, in turn, 
must be cut into multiples for use in the variou 
fabrication methods 

New and faster methods of billet 
being developed. One of these is electrolytic cut 
ting. A second is explosive billet cutting whict 
may allow for the instantaneous division of multiples 
trom the original billet 

Attempting to equalize transverse and longi 


cutting ar 


nfinued n par ¢ 
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hearth electric furnace. The fired moulds are 
mounted in various ways and preheated to the 


required temperature for casting in trolley-hearth 
electric furnaces. 

The finishing section is equipped with a high 
speed handsaw, abrasive cut-off machine, shot and 
vapour blast cabinets, grinders, linishers and the 
usual bench finishing tools 


Typical castings 


A typical casting which is currently being pro 


duced is an outer flange segment which is welded 

















to the exit of a combustion chamber in a jet engin¢ 
Guide vanes formed from sheet metal are welded 
in each of the aerofoil slots, a lip being cast on to 
allow successful welding to be carried out. The 
part is cast in Nimocast 90, a heat-resisting alloy 
containing titanium and aluminium 

Another type of casting produced is a multi 
oladed rotor cast in an austenitic heat-resistin 
steel. Close control on dimension essentia 
especially in respect of concentricity, or difficulty 
balancing results 

Other castings produced include stator blad 
for industrial and aircraft gas turbines. The sta 
dards of acceptance are very high in both cases a 
dimensional accuracy must be maintained < 
sistently. Such castings are 1 being preduced 
by vacuum melting and casting, this be especia 
useful for high-temperature alloys, containing eas 
oxidizable constituents, such as titanium ar 
aluminium 
Advantages of the Mercast process 

Mercury as the pattern material has the followin 
advantages: (1) Solid liquid expansion is small 
therefore, thin shell moulds can be empl 
without fear of cracking the s! 

2) It readily weids to itself under li pressu! 
so that accurate and intricate patterns be pri 
duced by abutting or ‘ booking’ simple component 
patterns together in a preci ig. This charac 
teristic also enables cores to be positioned in 
inaccessible in other techniqu 

3) Its high density and good wetting charac 
teristics permit perfect reproduction of minut 
detail. 

The zircon-base refractory material, free fron 


all moisture, combined or absorbed, together wit 
the mercury pattern, enables a shell mould to be 


produced which, after firing, is strong, stable and 


inert to most alloys Freedom from porosity, 
shrinkage cavities and blow holes, development of 


controlled grain size and consistency of dimensions, 
are all achieved. The particle size of the zircon-base 
refractory investment material is selected in relation 
to the metal being cast and enables fine surface 
finish of the casting to be attained 
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The shell moulds enable chills to be used allowing 
directional solidification to be induced, even in th 
cases where rapid changes in cross-section occu! 


Ihe strength of the thin shell mould is sufficient 


withstand the most severe mechanical sh 
associated with casting by suction, vibrati 


inversion, centrifugal or vacuum casting methods 


New forging tec hniques 


4 ] } 




















tudu tensile strengths in forgings is ano 
ideavour. By proper control of ingot product 
and subsequent fabrication, we believe t 
properties can be equalized. When this progran 
-: ed, metals with unthought-of st: t 
are expected to be obtained 
Better methods for producing dies is an area 
ve feel great strides will be mad I 
e Keller machining of these dies is A 
andard shop practice his is a time-consun 
ration and, of course, costly Numerical 
machining and electrical discharge ma 
t nethods now under developm« i t 
eviate this loss in time and cost 
(ast impression forging dies also 1s anotl 
vhich we are interested. Any or al f 
ods could reduce the cost of the 1 
f luct, and that is our aim 
Precision forging process 
By pr ion forged is meant a forging w 
inimum weight and maxir I 
Heretotor« e mach g Cost of forg f 
jerable and this will increase und 
iS aS we move into higher tempera 
\ ay uread produced precisio! i 
i 1 forgings and are now working w 
erature magnesium and steel Che | 
i tf precision forged gears has long bes 
ft industry We now have such a proc 
t levelopment stag 
M industrialists are familiar with hea 
press These presses can exert forces uy 
) n Ib, and coincident with these for 
e work areas up to 240 sq ft. Up to this tin 
presses have been used exclusively for 
rging of aluminium and some steel aircraft stru 
1 components. We are now looking to otl 
ireas Of use, such as continuous forging of missi 


rubber pa 


production of nose cones and | 


rming. These presses have been restricted in u 
p to now but we anticipate greater and mor 
intensified usage in the future. This usage cal 


nly come about after full co-operation between th 
missile manufacturers and the forging press opera 
tors 1s established. 
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Liquefied petroleum gases 


and their uses in metallurgy 


< 


C. F. PORT 


T) ncreasip ynportar f Iguefled pen Mn nm otf ” llurgical 
} is may lt een in their u for the produ ? i ff 4 fmospher 
hea reatment fp make ral f metatiu [ [ becon 
’ ) hti rp p ri mn j Pp niial appi cation T/ rf f Vr Port. 
B Ltd (controlled by Shell-Mex and B P Ltd), summan he propertie 
? f f ] , f min rcial Du , nd propar ? let i, thei 
; , , ” ] a li application 


AMONG THE WORLD’S MAJOR SOURCES of energy are become available, and this source of heat is taking 

















fuels from petroleum anc f these, liquefied its place in industry throughout Great Britain. 

petroleum gas constitutes the newest of our indus- A further impetus was given in 1954 when bulk 

t fuels Chey are produc ymmposed of the deliveries in 4-ton lots were introduced, special 

vdrocarbons propane, propene, butanes, and _ vehicles with pressure vessels being designed for 
butenes Those consisting essentially of the ¢ this purpose 

hydrocarbons propane or propene, or mixtures of 

both, are sold as commercial propane, while com Properties of LP gases 

mercial butane 1s predom tly a mixture of the Liquefied petroleum gases are usually a mixture 

1 “ ‘ ; . ‘ 

( drocarbons buta ind b e and thei f tw more hydrocarbons, as already men- 
mers tioned. It follows, therefore, that the properties 
| tern YeTr ses 5 + st) } ; 

i ral (cr! . C cum gases | ind composition could vary somewhat In order 
ed I doth these products, often shortened tO to maintain a high and reasonably uniform standard 

, Pa oe es hae \ eticl ] : 

L. P gases, which will be usec this article. The of quality, specifications were drawn up by the 
products are stored and transported in liquid form [Liquefied Petroleum Gas Industry Technical Com 
d put to use as a ga which the liquia mittee, an association of U K producers and dis- 
rtea - he rel f nres r her ) an 1 
rted by the release pressure when the tributors of liquefied gas formed in 1947 Dhes« 
alve is opened on a container, or by the application specifications are accepted by all U K producers 
warmth in a vaporize! Phe liquid produce of L P gases and are as follows 
inv times its own volume of gas, about 275 cu ft 
from | cu ft of liquid in the case of propan . . 
rom } cu it quid in U poupaas Commercial butane 
Liquefied petroleum gases are firmly established it hall | 
; Commercial butane shall be a hydri yon Tf 
the I \ as industrial fuels and to a lesser a eres ee i enter pp carbon wre 
ure consisting predominantly of butanes and or 
xtent on the contine! f Europe In America, 8 ; ; : 
1 butenes. It shall not contain harmful quantities of 
where they y derived from natural gas 3 
ale toxic Or nauseating substances and shall be free 
sales total many millions of tons 


from mechanically entrained water. It shall have 


Liquefied petroleum gases were not marketed in 7 
the following composition and properties 


this country until 1934, but by 1939 their use had 
become fairly widespread, butane as a domestic 
fuel and propane for industry, both grades being 
distributed in cylinaers having capacities of up to 
100 Ib. Since then there has been a considerable 6) The maximum vapour pressure at 45 C shall 
increase in their use, which today amounts 1n total be 85 lb sq in. gauge as determined by the 


a) The total content of C. and higher hydro- 
carbons shall not exceed 2 moles 
calculated as normal pentane. 





to over 60,000 tons per annum, of which some N G AA method. 

20,000 tons are for industrial applications. c) The total sulphur present in the gas shall not 
With the post-war expansion of the U K re- exceed 0:02°,, by weight as determined by 

fineries, increased quantities of LP gases have the current edition of I P Method 107. 
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shall not exceed 10 moles 


carbons 
calculated as normal butane. 
d) The maximum vapour pressure of 45 C shall 


be 255 Ib sqin. gauge as determined by 
the NG AA method. 

The total sulphur present in the gas shall not 
exceed 0-02"., by weight as determined by 
the current edition of I P Method 107. 

f) The gas shall not contain more than 2-0 
grains of mercaptan sulphur per 100 cu ft 
at S T P (sat) as determined by the current 
edition of 1 P Method 104. 

g) The hydrogen sulphide content shall be nil 
as indicated by mcist paper 
exposed to the gas 

h) The odour of the gas shall be distinctive, 
unpleasant, and non-persistent and shall 


. , 
icad acetate 


indicate the presence of gas down to con- 
centrations in air of one-fifth the 
limit of inflammability 
control is maintained at the producing 
centres to ensure that all L P gases sold in the U K 
comply with the specifications 

Table | 


including 


lower 
( lose 
shows average properties of LP gases 


those not c 
shown above. 


vered by the specifications 


Production of LP gases 
Butane and propane are separated from crude 
petroleum at the refinery during the primary dis- 
ullation process, in which the lighter petroleum 
oducts are obtained. A small proportion of gases 
largely of 1d propane is not 
this process, and these are led off 
from the condensing system from which the petrol, 
kerosene, etc, are obtained, redistilled under pres- 


rr 
pI 

n tin ~y)t +y 
CONnSIStINg buta C dil 


recovered in 


» 5-fon pr pane 


sure, and the liquefied petroleum gases separated 
After any necessary refining treatment, usually an 
alkali wash to remove sulphur compounds, the 
liquefied fuel gases are pumped to pressure con- 
tainers where they are stored as liquids. 

In addition to the L P gases naturally present in 
the crude petroleum, appreciable quantities are 
formed when certain heavy petroleum fractions 
obtained from the distillation process are ‘ cracked ’ 
to produce more petroleum spirit. 

Liquefied petroleum gases separated from the 
crude by straight distillation processes contain only 
the saturated hydrocarbons (butane and propane), 
but those obtained by a ‘ cracking’ process contain 
the unsaturated hydrocarbons butene and propene 
as well. 


Vaporization of L P gases 

Butane and propane have been referred to as 
together constituting liquefied petroleum gases. 
They are similar in many ways as might be expected 
from their close relationship, but differ essentially 
in their boiling points and consequently in their 
vapour pressures. The boiling point of butane 1s 
considerably higher than that of propane, the 
pressure therefore at which it is available in the 
container is lower. 

For industrial butane usually requires a 
vaporizer because of its low pressure, but during 
the warmer weather the gas may be drawn direct 
from the storage tank, except where large yields of 
gas are required. 

The vaporizer is a simple heat exchanger using 
steam or hot water to supply the latent heat of 
vaporization. The quantity of heat required to 
vaporize butane and propane is relatively low, 


use, 





metal treatment 
and Drop Forging 


364 september, 19 


1 Modern batch-tvpe 
heat-treatment furnace 
with endothermic generator 





d) The gas shall not contain more than 2:0 Commercial propane 
grains of mercaptan sulphur per 100 cu ft Commercial propane shall be a hydrocarb 
at S T P (sat) as determined by the current mixture consisting predominately of propane and 
edition of I P Method 104. propene. It shall not contain harmful quantit 

e) The hydrogen sulphide content shall be nil of toxic or nauseating substances and shall be fi 
as indicated by moist lead acetate paper from mechanically entrained water. It shall h 


exposed to the gas. the following composition and properties 
f) The odour of the gas shall be distinctive, a) The total content of C, hydrocarbons 
unpleasant, and non-persistent and shall not exceed 0-1 moles 
indicate the presence of gas down to con- b) The total content of C, hydrocarbons 
centrations in air of one-fifth the lower not exceed 3-0 moles 
limit of inflammability. rhe total content of C, and higher hyd: 
TABLE I—Average properties of commercial butane and comn propan 
Commercial butane Commercial propa 
Specific gravity of liquid at 60 | 0-570—0-580 0-500—0-510 
Specific gravity of gas compared with air at S T P 1-90—2-10 1-40—) -55 
Latent heat of vaporization at 60 | 160 B Th U Ib I54 BThI 
Volume of gas per 1 lb of liquid at S T P 6:-5—6-9 cu ft 8-6—S8-7 cu ft 
Specific heat of liquid 57 BThU Ib} 0-600 B Tht I 
Limits of inflammability gas and air to form a combustib Upper 9-0 Upper 10-0 
mixture Lower 1-5 Lower 2-0 
1 300 R ThIT Ih > . 1. 
Gross calorific value oN B Th U It 21,50 B Th I 
3,200 B Th U cu ft 2,450 B Tht 
Sulphur content Negligible to 0-01°,, wt | Negligible to 0 
Boiling point 201 10 | 
Imp gal ton 60 F Ras 148 
Therms ton 417 4180 
remp PSIA PS] 
40 | 15 
. 0 | 
Vapour pressure at (for product f the maximum sp pour pressure 32 | ( 
100°] 73 
113°} 106 
Air required for combustion i ft air to burn 1 cu ft ga 3] 4 
Ratio of gas volume to liquid volume at S T P 07 


I ime at 240 
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designed vehicles in full 4)- and 9-ton loads in the 
case of commercial butane and 4- and 8-ton loads 
for commercial propane. These deliveries are 
made into customers’ own storage. It is recom- 
mended that storage capacity should be a minimum 
of three weeks’ supply at maximum consumption, 
and the smallest size of tank into which bulk 
deliveries can be made is 5 tons. Should the 
consumption of L P gas not warrant the installation 
of bulk storage, commercial butane and commercial 
propane can be supplied in transportable tanks of 
l-ton capacity, these being filled at the appropriate 
refinery. For the smaller industrial applications 
both grades are available in various sizes of portable 
containers, which can be coupled in multi-container 
assemblies if required. 


Handling and storing 

Many years of experience have shown that L P 
may be handled with completc 
safety if proper engineering standards are followed, 
and if the same precautions with regard to the 
tanks are taken as 1n the handling of other fuel gases. 


gases and stored 


hu LOuICU 


Bulk installations in this country have been 
installed in accordance with the latest American 
practice, as laid down in the National Fire Pre- 


caution Association’s 
subject to overall 


pamphlet No 58, but are 
approval by HM _ Factories 


Department. In this pamphlet the following 
minimum distances between storage tanks and 
occupied buildings and between individual tanks 


are laid down as follows 
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Minimum distances 


From buildings Between 


Capacity of tanks 
to tanks tanks 
Up to 1 to 10 ft 3 ft 
5 tons and over 50 ft 5 ft 


Tanks for the storage of LP gases should be 
manufactured generally in accordance with the 
British Standards Specification No 1500, ‘ Fusion 
Welded Unfired Pressure Vessels.” Insurers may 
insist, however, that additional precautions laid down 
by the Associated Offices Technical Committee’s 
rules should be followed, this committee represent- 
ing five of the leading engineering insurance com- 


panies in the UK; or to a similar code as laid 
down by tke American Petroleum Institute and 
the American Society of Mechanical Engineers. 
Tanks are equipped with a number of safety 


devices such as pressure relief valves, excess flow 
valves and the means of assessing the contents. 


Portable containers and small tanks are designed 
for a maximum working pressure equal to the 
maximum vapour pressure of the L P gas at 113°F 
regarded as the maximum summer sun temperature, 
namely 255 lb sq in. gauge for commercial propane 
and 85 lb sq in. gauge for commercial butane. In 
the case of large tanks it is recognized that the 
contents are unlikely to reach a temperature of 
113 F in sunlight, and the designed maximum 
working pressure for vessels of 4 tons and over is 
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being approximately 160 and 154 BThUJb maximum gas offtake, size of vessel, minin 


respectively. amount of liquid gas in storage, and press 
Propane will generally vaporize in the storage required at the plant. 
vessel except when the demand for gas is so large The ability to vaporize butane as described ab 


that the cooling effect of vaporization in the storage means that, except where high pressures (2 

vessel reduces the vapour pressure to a point below atm) are required, butane or propane can 

that at which the gas is required. regarded as interchangeable from the applicat 
The necessity for a vaporizer when using butane and combustion point of view. 

or propane is governed by the rapidity with which 

the latent heat of vaporization can be supplied and Supplies and storage 

transmitted to the liquid, and whether or not it is As mentioned earlier in this article, L P gases 

required can be calculated from such factors as now delivered throughout Great Britain in specia 


3. LEFT Endothern 
generators product 
protective atn phere 
gas carburizing (E N | 
Engineering Co Ltd 





4 RIGHT Typical 2,000 
cu ft\h Hi-nitrogen plant 
burning propane (Incan- 
descent Heat Co Ltd 
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Operational research in industry 


W. E. DUCKWORTH, MA, AIM, ATS 


In the leading article 


of ow 


issue of November, 1957, appealed to readers for 


information of any articles explaining in non-specialized language how operational 


research 


Indust{ries. 


workers undertook their various tasks. As 
uch contributions from operational research scientists working 
Mr Duckworth, the author of the first of these articles, 1s 
ho has specialized in operational research methods and 
Research Department of the Glacier Metal Co Ltd. 
appears below and will be concluded next month. 


a result, we have received two 
in the metallurgical 
1 metallurgist 
1s manager of the Operations 
The first part of his article 


It will be followed by a contribution 


describing operational research at IC I Metals Ltd 


OPERATIONAL RESEARCH (O-R) has been described 
by Arthur Clarke as ‘the art of winning wars 
without actually fighting.” This definition has the 
merit of brevity and wit but does not, alas, contain 
enough truth for general acceptance. 


In a recent book! the following definition has been 
suggested: ‘O-R is the application of scientific 
methods, techniques and tools to problems involving 
the operations of a system so as to provide those in 
control of the system with optimum solutions to 
the problems.’ 

Ihe key to this definition is the phrase * 
solution to the problems . . . involving the operations 
of a system.’ In O-R work the system is taken for 
granted, the problem is to do one’s best with it. 
In the famous wartime example of how best to 
destroy a submarine by dropping a depth charge 
from an aeroplane the O-R team accepted that the 
choice of an aeroplane and the use of a depth charge 
was fixed and set to work to optimize the method. 
It may be that some device other than a depth 
charge would have been more effective, but it was 
the task of other branches of research to examine 


such alternatives 


optumal 


If you call in an operational-research worker to 
solve a problem in, say, the production control of 
a nitriding shop he that your 
difficulties would be reduced if you changed over 
to gas carburizing. He has a mght to expect, 
although he will probably want to satisfy himself 
on the point first, that you wish to produce a metal 
surface with a given hardness and that for your 
own application you are persuaded that nitriding is 
the best solution. If there are still some doubts 
on this score then metallurgical research is required 
before operational research can be useful. 

Well, then, given that you have a system which 
is sound in principle and worth while operating, 


does not suggest 


what is it that operational research can do for it ? 
To answer this question it is probably useful to go 
a little into the history of operational research. 
Although (if one really tried) one could probably 
discover elements of O-R in the military work of 
Archimedes and some of the scientists who worked 
for Napoleon and certainly of some of the scientists 
in World War I, it was really in World War II that 
it began to establish itself as a separate discipline. 

When the British Government, anxious not to 
waste resources in the years of total war following 
Dunkirk, banded together groups of scientists to 
field commanders in solving strategic and 
tactical problems, it caused biologists to examine 
problems in electronics, physicists to observe 
movements of men rather than movements of mole- 
cules, mathematicians to examine how probability 
theory could influence men’s survival and chemists 
to study equilibria in systems other than chemical 
ones. 

From all this work there arose the realization that 
techniques for studying systems in one discipline 
could be used with success in solving problems 1n 
systems outside that discipline. Communication 
within a command or a unit exhibited symptoms 
similar to those which had been studied in telephone 
circuits. Control of an operation involving men and 
machines needed the same requirements for its 
success as did the servo-mechanism of an aircraft. 
The delays in unloading ships at ports were similar 
to the delays in waiting for calls at telephone 
exchanges, which had been studied for many years. 

All these and other examples showed that there 
was a need for a technology in the study of systems 
which could draw from experience in the biological, 


assist 


physical, chemical and engineering sciences and 
utilize this experience in a wider sphere. This 
common technology is the technology of opera- 


tional research, the science of systems optrmization. 








f 
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that of the maximum vapour pressure at 100 F, 
namely 210°F/sq in. gauge and 70 F sq in. gauge 
for commercial propane and commercial butane 
respectively. 

Containers used for the storage of L P gases may 
be filled only to the extent laid down by the ‘ Filling 
Ratio.” This is defined in British Standards 
Specification No 1736 as ‘ the ratio of the weight 
of liquefiable gas passed into the container to the 
water capacity of the container,’ water capacity 
being defined as ‘ the weight of water required to 
fill the container at 15°C.” The filling ratio varies 
according to the specific gravity of the liquefied 
gas concerned, and is for current makes of com- 
mercial propane 0-44 and for commercial butane 
0-50. 


Before considering the various applications of 


L P gases it should be mentioned that commercial 
butane and commercial propane should not be 
considered as a cheap source of heat. They have, 
however, a great value in those industrial fields 
where a fuel of high purity, constant quality and 
high calorific value is required, or where the 
almost complete absence of sulphur is essential. 


Metallurgical uses 


The potential field for the application of LP 
gases to industrial purposes is almost unlimited. 
Their outlets may be looked for in firing metal- 
lurgical furnaces, and many applications such as 
gas carburizing, and the production of protective 
atmospheres for heat-treatment processes in which 
L. P gases are pre-eminent. 

One of the biggest outlets in the 
field for L P gases is the production 
atmospheres. Most metals when heated in air to 
the temperatures required for heat treatment 
undergo some deterioration of the surface due to 
oxidation and other reactions. An inert protective 
atmosphere overcomes the influence of air, and L P 
gases provide a ready means of producing these 
atmospheres. 


metallurgical 
of protective 


Two types are in common use, made respectively 
by exothermic and endothermic reactions and are, 
therefore, commonly termed exothermic and endo- 
thermic gases. The former is made by the con- 
trolled burning of L P gases with limited air in the 
range 55°,, to 100° ., of the theoretical air required 
for combustion. The resulting 
a mixture of nitrogen, hydrogen, carbon monoxide, 
carbon dioxide and water vapour; the last two 
constituents are in some cases removed before the 
gas is used. 


4 


gas consists oO! 


Endothermic gas is made over a catalyst in a 
refractory reaction chamber heated externally, L P 
gases being supplied to it with a small amount of 


air—about 25 to 40 ot the theoretical com- 
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bustion requirements. The gas produced provid 
a more reducing atmosphere, being considerat 
higher in hydrogen and carbon monoxide. | 
choice of these gases depends on the metallurg 
processes to be carried out. 

The production of protective atmospheres fr 
a hydrocarbon gas of constant composition and | 
sulphur content offers great advantages. Atm 
spheres generated from L P gases are substantia 
suitable for the bright annealing of copper, bra 
and nickel, and it is expected that they will be us 
to an increasing extent for heat-treatment work 
general 


Fine limits 

It has been proved quite conclusively in practi 
that protective atmospheres are not only produced 
efficiently with L P gases, and with the minimun 
of supervision, but also to within very fine limit 
of composition and dewpoint. Furthermore, th 
high hydrogen content of LP results 
appreciably greater volumes ot protective atmo 
spheres being produced than from manufactured 
gas. Many plants for producing protective atmo 
spheres from L P gases have been installed in thi 
country, and the largest continuous gas carburizing 
furnaces built to date are using L P gases for pro 
ducing the required endothermic gas and fot 
supplying the required carbon potential. 

his a iL? 4 in gas carburizing 
a rapidly growing application, displacing the older 
and much less efficient pack carburizing and cas« 
hardening processes. 


Vases 


use gases 


All types of direct and indirect-fired furnace 
can be used with liquefied gas, in many cases littl 
10 modification being required. They are par 
ticularly attractive for direct firing when a neutra 
ir reducing atmosphere is required, and are easict 
to control than other fuel gases. 


or 1 


Radiant heating 


Heating with radiant panels fired by L P 


< dD 


gas 
ming increasingly popular for the heatu 
large uninsulated buildings where doors ar 
continually being left open, and where a larg 


CL 


vumber of air changes are taking place. Buildin 
of this description are found, for example, on larg 
urfields where other sources of 
not available. 


fuel al 
Radiant panels are als» used 
a large extent in drying ovens. 


gascous 


Even though the use of L P gases in industry 

early stages, the outlets are alread 
Plans will be completed in the ver 
near future whereby these fuels will play a maj 
part in other production processes including th 


heat treatment of high-nickel alloys. 


stil] 


| 
Cili in it 


numerous. 


y 


y 
4 
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assertion that steel B is harder than A than was the 
case when the data could not be so arranged. 


Steel A Steel B 
440 450 
480 490 
450 460 
470 480 
460 470 
450 4600 
460 470 


This principle of pairing off observations was 
used in an operational research evaluation of the 
suitability of different bearing materials in the big 
ends of internal combustion engines.” 

The method of pairing off was to test (in the same 
engine at the same time) both the materials which 
were being compared. The advantage of this 
technique is shown in the figures given below for 
the amount of crankshaft wear caused by two 
typical materials in eight separate tests. 


Bearing material A Bearing material B 


Test Crankshaft wear Crankshaft wear 


No 10-* in 10-* in 
l 4.5 5.5 
y. 6.0 8.2 
3 6.5 2 Ae 
4 4.3 6.8 
5 1.5 1.8 
6 2.0 3.0 
7 4.5 4.7 
R 1.3 2.0 


It can be seen that, although the amount of 


crankshaft wear varied by a factor of five between 
tests, an amount of variation not uncommon in 
wear tests, bearing material B caused consistently 
more wear than material A. It could thus be 
stated not only that material B was worse than 
material A but also a numerical estimate of the 
difference between them could be given with 
greater accuracy than if the materials had been 
tested independently. 

This is a simple example, but many wear investi- 
gations have failed to yield useful results because 
the materials were tested independently and the 
variation between tests was so great as to make it 
very difficult to discriminate between the materials. 
By making use of statistical planning and com- 
paring materials in pairs within tests the relative 
behaviour of big-end bearing materials has been 
compared with greater accuracy than hitherto.* 

Many other examples exist in the _litera- 
ture’: °.®. 7.5 of how mathematical - statistical 
methods can be used in the metallurgical field, 
but sufficient has been said to illustrate their value 
in operational research work where the data can be 
subject to large random variations and where both 
the analysis and the collection of the information 
need careful planning. 
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Linear programming 

This is a technique which can be used in a 
situation where one has several products which 
can be made on each of several different machines 
and one wants a programme to decide which pro- 
duct shall be made on which machine in order to 
maximize output or minimize cost or satisfy some 
other criterion of efficiency. For example, in a 
forging shop one may have a mixture of old and 
new presses with different output rates and different 
costs. If there is a variety of jobs to be handled on 
these presses then the number of ways in which 
these jobs can be arranged may be enormous. For 
example, with 20 jobs to be arranged between 5 
presses the total number of possible arrangements 
is 265,650. Not all of these will be worthy of 
consideration, of course. Many combinations 
involving an excessive loading of jobs on to one 
press can be rejected from the calculation, but this 
sull leaves a large number of possibilities to be 
considered by the scheduling officer 

It is well known, in fact, that in this kind of 
situation the scheduling officer’s job is a very 
skilled one and is usually handled by men with 
long experience who have evolved some very 
adequate rules for deciding upon the optimum 
arrangement. 

Several other problems fall into this same 
category. Slitting paper or sheet steel from the 
production widths down into the widths ordered 
by customers is one example which has been 
successfully tackled. Deciding which goods to 
send from which warehouse to which customer or 
which tankers to send from which oil supply to 
which refineries are examples of the so-called 
‘transportation problem’ of linear programming 
which are in use. In cases where there is a choice 
of resources to be deployed to achieve a variety of 
different objects, linear programming can usually 
be employed to give the optimal solution with the 
minimum of calculation. 

A typical example which is in daily use at the 
Glacier Metal Co Ltd is the»method of deciding 
which of several batches of whitemetal recovered 
from the manufacturing operations in which 
surplus whitemetal is machined from the cast 
bearings shall be used in making up fresh metal 
required by the foundry. Due to contamination 
and such effects as slight segregation, the com- 
position of the recovered whitemetal differs from 
that of the required specification. It cannot 
therefore. be used again directly but must either be 
sold or mixed with other metal to restore the correct 
composition. 

If the metal is sold there is a book loss, because 
the price given is about 95°,, of the value of the 
tin in the alloy; the value of the copper and anti- 
mony are ignored. If the metal is kept for remixing 
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Development of techniques 

The work of the early teams of operational 
research workers resulted in the development of 
certain techniques which did not belong to any of 
the individual sciences included in the team but 
which were a compound of the methods used by 
the various scientists in tackling the problems. 
Many of these techniques derived from mathe- 
matical statistics, which is still one of the most 
powerful tools in the O-R approach. This is 
necessarily so, because one common property of 
industrial systems is their variability and mathe- 
matical statistics is the method of handling the 
problem of variability. Other techniques which 
have been developed are linear programming, 
queueing theory, Monte Carlo methods, stock and 
production control models, decision functions and 
game theory, and cybernetics. 

The purpose of this paper is to describe these 
techniques, as far as possible in non-mathematical 
language, and to discuss the results of applying 
these O-R methods to solving problems in a 
metallurgical-engineering firm of some 3,000 em- 
ployees. From this it is hoped will emerge a 
picture of the problems with which operational 
research can deal, using these techniques and others 
which are developed as the need arises. 


Mathematical statistics 

Most of us are familiar with the ideas of proba- 
bility. In tossing coins one expects heads and tails 
to occur with equal frequency so we say that the 
probability of a head or a tail is 1 2. In throwing 


an ordinary dice we can see that the chance of 


getting any particular number at the first throw 
is 1 in 6. If a penny always came down heads or 
a dice always came down with the five uppermost 
it would not take many throws before we began to 
suspect that all was not as it should be. 


We would probably doubt the genuineness of 


the penny after five heads had occurred in the first 
five throws. Calculation shows that this sequence 
of heads could occur by chance once in thirty-two 
times, so it is not completely out of the question 
that the penny is unbiased. A probability of 1 32 
is small enough, however, to make us suspicious. 
If we threw the penny for another five times and 
had a further five heads then we would have no 
doubt that the penny was biased, because 10 heads 
in a row only occur by chance | in 1,024 times 
and we all know from our experience with football 
pools that this kind of chance event does not 
happen to us, because these odds are similar to 
those of winning a worth-while dividend in any one 
year 

Mathematical statistics provide a means of calcu- 
lating the probability of chance events in situations 
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much more complicated than those of tossing 
pennies or throwing dice. 

These calculations enable the O-R worker to say 
whether the result obtained in an experiment really 
shows that things have been changed or whether 
what was thought to be an important result could 
actually have occurred by chance. 

The following example illustrates this. Suppose 
an experiment on the hardening of two steels had 
given the following results: 


Steel A Steel B 
Hardness VPN Hardness VPN 
440 460 
480 450 
$50 470 
470 460 
460 470 
450 480 
460 490) 


Average 460 + 


At first sight it looks as though the two steels 
have substantially the same hardness and yet steel B 
has the higher average. Even though the difference 
in average is small it might be important. The 
methods of mathematical statistics can state in 
precise terms the probability of obtaining such 
a difference by chance if there was in fact no 
difference between the two steels and thus they 
assist in making the decision whether to accept the 
difference as real or illusory. If it is considered 
that there is not enough evidence to decide one 
way or the other then statistical methods can also 
help one to calculate how many more tests to carry 
out in order to reach a decision with a known 
degree of certainty. 

In the above example the probability that the 
observed difference was due to chance is about | 
in 6, so that not much confidence could be placed 
in the assertion that steel B was harder than steel A. 
If 25 tests were carried out on each steel, however, 
and the difference of 10 points still persisted, the 
probability that the difference was due to chance 
would then only be | in 20 and the statement that 
steel B was harder than steel A could be made with 
much more confidence. 

Statistical methods can also guide the planning 
of experiments so that the optimum use is made of 
whatever data is obtained. The general principle 
of such techniques is to arrange that the data can 
be paired off in such a way that differences between 
the observations are emphasized. For instance, if 
the above data on hardness had been obtained so 
that the results for A and B could be compared 
pair by pair as shown below, it will be seen that 
in every case steel B has a higher hardness than 
steel A and more confidence can be placed in the 
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1 Distribution of recovered melts ¢ 
number of days in stock 


but cannot be used for a long time, then a sub- 
stantial amount of available capital may be tied up 
and additional storage costs incurred. 

There are usually about 20 batches of recovered 
metal available for making up fresh metal required 
by the foundry and so there is the problem of which 
melts to choose and in which proportion to use them 
This problem used to be tackled by an experienced 
chemist who spent nearly half his working day 
making the decisions. It is now solved by linear 
programming by a girl computer working at a desk 
calculating machine for about two hours a day.” 

No great savings were experienced initially when 
the linear programming method was introduced. 
The utilization of recovery melts was increased, 
however, by about 4°,, and stock turnover was 
much more rapid because it was possible to explore 
the possibilities of all the available batches, whereas 
the chemist with his slide rule tended to concentrate 
on the more obvious melts and the less amenable 
ones therefore accumulated. This reduction in 
stock is shown 1n fig 1. 

The chemist had been very good at his job and 
built up a good deal of experience over the years, 
so no spectacular savings occurred at first. In the 
last two years the superiority of linear programming 
over the old method has, however, been clearly 
demonstrated. The system is very flexible and can 
adjust itself to changes in supply and demand very 
rapidly, whereas the previous technique, being 
necessarily built up on experience, was slow to 
change. In the motor industry recession of 1956 
there was no building up of recovered metal stocks 
when the ratio of supply to demand changed. 
The calculations took the change into account and 
the increased proportion of recovered melts was 
immediately utilized, whereas in previous recessions 
quite high stocks had been built up before this 
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change in conditions was allowed for in the 


calculations. 

The linear programming method has enabled 
a bird’s-eye view of the process to be obtained. It 
is now clear which type of recovery melt can be 
used and which cannot. The latter are not allowed 
to remain in stock, but are recommended for sale 
immediately. Certain restrictions the 
recovered melts due to specification limitations 
were recognized and a recommendation to a BS I 
Committee arising from this may well bear fruit. 

Che principle of linear programming can be 
illustrated with reference to the example of choosing 
the proportions of several alloys required to make 
up a new alloy economically. Suppose we have 
two recovered melts available with the 
compositions: 


Melt | 
parts copper 


on use of! 


following 


Melt 2 
2 1 part copper 
1 part nickel 3 parts nickel 

Chere are 7 Ib of the first melt available and 
6 lb of the second and we want to combine suitable 
proportions to make 10 lb of a 50 50 copper nickel 
alloy. Let us further assume that if use the 
first alloy instead of pure copper or pure nickel 
we save 5d lb and if we use the second alloy we 
10d lb. The problem is to use the two alloys 
in the proportion which will maximize our saving 

We want 10 lb of a 5050 Cu Ni alloy, so we 
need 5 lb copper and 5 Ib nickel. If we let x, be 
the weight of the first alloy that we use, then the 
weight of copper it will contribute is } x,. Similarly 
if x, 1s the weight of the second alloy used, then the 
weight of copper it will contribute is } x,. 

If z, is the weight of fresh copper we have to add, 
then the total weight of copper we use is 


we 


Save 


5x {Xy Z 
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But in our final alloy we must have 5 lb of copper, 
so therefore we have our first equation, 


X, ix - 5 
Similarly for nickel, 
xX {Xo Z. 5 
where z, is the amount of fresh nickel added. 
In addition we know that x, cannot exceed 7 Ib 
and x. cannot exceed 6 lb. To obtain the greatest 
saving (5d on x, and 10d on x,) we must maximize 


5x 10x, 


This is the typical formulation of a linear program- 
ming problem and in this case we can solve it 


graphically. 

The equation 5x, Ix, + Z, 5 describes the 
unshaded region in fig 2 

The line AB is the equation 3x, x 5 


and this represents the upper limit of the copper 
content required, because we do not need more 
than 5 Ib of copper. The region on the nght-hand 
side of AB is therefore shaded, showing that we do 
not want to consider any points in this region. 
Similarly the parts below the line x, and to the left 
of the line x. are shaded because these regions 
represent negative values of x, and x, which we are 
certainly not interested in. 

So the solution we want is somewhere in the 
triangle OAB. A similar triangle can be con- 
structed for the nickel equation 

z. : x Z 5 


This is shown in fig 3, where CD is the line 


x ix. 5 


The limitation that x, cannot be more than 7 and 
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x, cannot be more than 6 is shown in fig 4. The 
solution to our problem must therefore lie within 
the region common to figs 2, 3 and 4. This is shown 


in fig 5. Within that region we want to make 


5x, 10x, a maximum 
The line XY 1s a line with the equation 


5x, 10x a constant 


We want to make this constant as large as possible, 
so we move the line to the right as far as we can 
while stull remaining with the area where we know 
the solution must lie The furthest we can go 
is to the point W which therefore represents the 
solution 

It can be seen that the solution is to use 6 Ib of 
x, (alloy 1) and 4 Ib of x, (alloy 2). No fresh copper 
or nickel is needed. 

In actual linear programming problems there are 
more than two alternatives to consider and so the 
problem cannot usually be illustrated in two dimen- 
sions as this one can. To illustrate more complex 
problems would involve n-dimensional geometry. 
Relatively simple computing techniques have been 
evolved for these complex problems. 

This example illustrates the technique, however, 
and a little study of fig 5 will show how altering 
the conditions alters the solution. If we make the 
amount of alloy 1 available less than 6 Ib, for 
instance, it means that all of x, will be used and 
some extra of x, will be required but that the saving 
will no longer be as great as with the first solution. 
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able cannot be expressed in mathematical form. 
This situation is solved by use of the so-called 
Monte Carlo methods. If this conjures up a 
picture of dice throwing and roulette wheel spin- 
ning it is meant to, because this is just how the 
O-R worker imitates the occurrence of chance 
events in the system he is studying. 

As an example, suppose an event being observed 
has a probability of | in 6 of occurring in any half-hour 
period. Then, to build up a picture of how the event 
actually occurs in practice, we divide the working 
day into half-hour periods, throw a dice for each 
of these periods and each time a six comes upper- 
most (assuming the dice to be unbiased) record 
that the event has occurred. More complex 
probabilities can be imitated by means of other 
devices such as a table of random numbers and 
any system can be ‘lived through’ painlessly on 
a piece of paper and all the possible outcomes 
understood before the scheme is tried out in 
practice on the factory floor 

An example of this technique used at Glacier 
was to decide if a certain small factory had enough 
external telephone lines. There were in fact three 
lines and the factory manager became convinced 
that all three lines were in use so much that some 
customers, despairing of always hearing the engaged 
tone when they rang, would go elsewhere for their 
goods. For a period of a fortnight the telephone 
operator noted the amount of time that one, two 
and three lines were occupied and charts such as 


the one shown in fig 6 were produced, which 


la 


1 


showed the proportion of time all three lines were 
occupied. By choosing times at random at which 
customers might have telephoned, the O-R worker 
vas able to record the proportion of times that the 
customer would have been connected immediately 
or, if he failed the first time, the probability that he 
was successful the second time. As can be seen 
from Table I, these probabilites were so high, 
nearly 100°,,, in fact, that the factory manager 
realized his original impressions were unfounded and 
that no extra telephone lines were needed 

It is common in O-R work to find that people’s 
first impression of a problem 1s not the correct one 
and one of the tasks of an O-R worker is to under- 
stand for himself what the real problem 1s. A very 
ful technique for a manager who feels he has 
a congestion problem and which can help to 
establish if the problem is real or not, is the method 
of random observation studies", often called ratio 
delay or activity analysis by production engineers. 

It may be reported, for example, that a certain 
machine in a factory is always a bottleneck. To 
establish the facts for himself the manager should 
merely note, each time he walks through the factory, 
which, except for meal times, will probably be at 
random intervals, whether the machine is in use or 


use 
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not. At the end of a fortnight when he consults 
his record, he may be surprised to find that the 
machine is by no means in constant use as had been 
claimed. Armed with such facts, collected without 
special effort, the manager will be on the way to 
sorting out the real problem. to b 


é€ continued 
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It is this kind of consideration which enables linear 
programming to survey the problem in all its 
aspects and explore the consequences of alternative 
solutions. 


Queueing theory and Monte Carlo methods 

We are all familiar with queues. If too many 
people arrive at a shop in a given time then a queue 
forms. Most factories are operated on the principle 
of having queues so that work can be continually 
fed into a department without the periods of idle 
time which might ensue if there were no queues 
In this case a queue is a good thing, it helps to 
assist in economic planning of the department’s 
work. If the queue becomes too large, however, 
difficulties arise. The pace of work may be stepped 
up to reduce the queue and unless the increased 
pace is within the capacity of the department, 
efficiency may in fact fall, leading to the queue 
being lengthened rather than shortened. 

Priorities may be resorted to, and this can be 
a very vicious move because the transfer of jobs to 
a higher place in the queue only results in the 
average waiting time of all remaining jobs increas- 
ing, which may increase the need for further 
priorities, and so a cycle of panic measures sets in. 

For service-giving departments such as mill- 
wrights a queue of work can be a very inefficient 
thing to have. If too many machines are needing 
repair at the same time, the consequencies can be 
serious. 

A mathematical theory of queues has been 
developed which enables operational research 
workers to calculate for any given situation what 
kind of queue will result and how long the items 
will have to wait before Certain 
clusions of this theory are sufficiently concise to be 
worth stating here. 


service con- 


In the first place the probability of a queu 
varies more or less directly with the proportion 
of time that the service provided is going to be in 
demand. Thus, if a service is used to 80°, of its 
capacity, the probability that there will be a queue 
is 8 out of 10,7 e in 8 out of 10 calls on that service 
we shall have to wait before being served. 

This is something that we all observe in practice 
If we frequently visit a shop with several assistants 
and we find that we are always served immediately, 
then we notice that some of the assistants have no 
customers to see to. If, on the other hand we call 
in at a busy newsagents every morning and there is 
only one man serving behind the counter we almost 
invariably have to wait a while. 

The meaning of this relationship between service 
capacity and queue probability is that if we care- 
fully plan a service department so that it has just 
enough capacity to meet expected demand, then 
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there will always be a queue and it will always keep 
on growing. 

If, on the other hand, we want it to meet every 
demand almost immediately then we must expect 
t to spend about half its time in idleness. This 
explains the perpetual headache of the man in 
charge of such a department—how to arrange 
things so he can give a reasonable service and yet 
at the same time keep his men fully occupied. In 
this situation the man who keeps the odd painting 
job up his sleeve is not really making work for his 
men, he is ensuring that his department can give 
a good service and yet not appear to be over-staffed 

Che other main conclusion which emerges from 
the theory of queues is that the more haphazard the 
arrivals the more likely there is to be a queue 
Ihis is because with haphazard arrivals a time 
may come when no demands are made for a long 
period. That time is irretrievably 
system and when subsequently a bunch of arrivals 
occurs there is no way of breaking up the jam 

To ensure that reasonably rapid service can be 
provided, therefore, it 1s advisable to ensure that 
the service-giving department—or production unit 
—is only loaded, on average, to about 80°, of its 
capacity and that the rate of demands on it are 
made as uniform as possible. 

Chis is common most 
managers do not need an operational research study 
to tell them this. 
tions, however, in 
how 


} 
i 


lost from the 


sense, of course, and 
There are many complex situa- 
which we 
items may have to wait 

a queue for a given service Capacity so that we can 


may wish to 


precisely long 


decide whether to provide extra capacity, at extra 


cost, or let the items wait a little longer and risk 
the losses which may arise from giving a less 
atistactory service 

Such an investigation was carried at th 
Glacier Metal Co Ltd into one of the systems for 
juoting prices to customers. The system was 


The Sales Organi 
vation received the customers’ enquiry, 


common to many such systems. 
passed it 
to the production engineering department (P E D 
who estimated what the part would cost to produce 
and then sent the estimate to the Sales Organi- 
zation who quoted the customer a price. Because 
~ congestion in the PED estimating section it 
sometimes took several days for an estimate to be 
prepared. A study of this together 
with some reorganization in communications 
arranged by the Work Study Department, showed 
that by employing two extra estimators no estimate 
would take longer than four hours to complete 
Sales Organization considered that it was necessary 
for them to have the estimates in four hours and so 
the recommendation was adopted. 

Some queueing systems are so complicated as 
to defy mathematical analysis or else the data avail- 
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Surface finish 


Metallurgical and mechanical aspects 


K. G. LEWIS, M Sc, FIM 


The various ¢ xpressions used in In tudy of surface fimsh are described, loge ther 


vith the more important machine and matertal variables which affect them. Par- 


ticular attention is paid to chip formation and its influence on surface finish. The 
effect of metallographic structure ts examined at length owing to its bearing on thi 
formation of built-up-edg Investigations into the mechanism underlying th 
formation of ‘ smear metal’ are described and the various means for its removal 


compared, the comparison including an examination of the effect of cold-working 
on surface finish. This article by Mr Lewis, Principal of the Technical College, 


West Bromu ich, is concluded from last n nin SSU 


STRAIN-HARDENABILITY _ It is essenually cutting speed as possible and a tool with a high 


ductile materials which developed marked strain- degree of rake—as previously described 

hardenability during the cutting process that yield a An excellent example of the relation of opumum 
type-3 chip, 7 ¢ with a built-up-edge, and so lead to structure to the machining operation has been given 
relatively poor surface finish. This aspect has been in a comparison of turning and broaching.™ Since 
discussed at length. [here is no truly direct _broaching 1s inherently a low-speed operation, there 
method of measurement of strain-hardenability and 1s a greater tendency to form a built-up-edge. To 
the index is usually by means of the Meyer expo- counteract this tendency a harder structure is 
nent, m, determined experimentally from the Meyer required for broaching and a high-carbon spheroid- 
hardness formula,** 1 — ad”, being the slope of the __ ized steel is usually too soft to produce a satisfactory 
curve obtained by plotting indentation diameter finish by this method. Some combination of sorbite 
against load. The value of m must be 2:0 or greater and pearlite would undoubtedly be preferred 
and, the higher its value, the greater the strain- Indeed, it is now generally accepted that the struc- 


hardenability of the metal. Apart from the recent ture or hardness of a material which is the best for 
doubts expressed above, the Meyer index and the | one type of machining may not be the most desirable 


coefficient of friction are generally regarded as the for some other operation.* A further example has 
two basic mechanical variables exerting the greatest been shown in the machining of gears a 
ultimate effect on surface finish spheroidized structure was found to be the best 


Microstructure and material considerations Of structural condition for the roughing operation, but 
recent years, consideration of the microstructure has a lamellar structure was superior for the actual 
received much attention with reference to the various cutting of the teeth. In the case of medium-alloy 
aspects of machining, including surface finish. The _ steels, the balance between the variables—structure, 
simplest case is that of pure metals, most of which finish and tool life—is sometimes best met by 
are comparatively soft and weak. Metallurgically, annealing to obtain a fully spheroidized structure 
structure, as such, cannot affect the result, but for roughing, and so ensuring maximum life and 
certain improvements can be carried out with machining speed, and then re-treating the steel to 
regard to surface finish, notably by increasing the the lamellar pearlite condition in order to obtain 
hardness of the metal—achieved by decreasing the optimum surface finish from the finishing operation 
grain-size or by strain-hardening by cold-working The various groups of plain carbon and alloy 
the latter remark refers to applied strain-hardening steels require separate consideration. ‘Thus, the 
and not to the inherent strain-hardenability of the low-carbon steels, 7e those containing less than 
material). To assist improved finish, however, these 0-2", carbon, behave similarly to pure metals 
material treatments should be accompanied by the The amount of carbide present is, in any case, so 
two important machining considerations—as high a small that its distribution is unimportant. The only 
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Uranium in Britain 


The search for uranium by 


THE PART PLAYED by the Atomic Energy Division 
of the Geological Survey in the search for uranium 
is littke Known because of the security measures 
that have applied until comparatively recently to 
information on the production of nuclear raw 
materials. 

The Division, which is the youngest branch of 
the oldest organization now in the Department of 
Scientific and Industrial Research—the Geological 
Survey of Great Britain—was created during the 
second world war to investigate the exploitation 
and supply of uranium and other strategic materials 
Since that time it has played an important part in 
bringing uranium properties into production and 
in organizing and stimulating the search for the 
raw materials of atomic energy in many of the 
countries of the Commonwealth. 
operation is maintained be.ween the Division and 
the Atomic Energy Authority, on whose behalf the 
work is undertaken. 

The Atomic Energy Division has grown to be 
a major branch of the Geological Survey and the 
assistance it can give ranges from radiometric 
assaying and the preparation of mineralogical 
reports to field surveys and the assessment of new 
discoveries of mineralization made by prospectors 
and mining companies. For example, in 1957, 
field investigations were carried out in the Union 
of South Africa, British Guiana, Jamaica, Sierra 
Leone, Bechuanaland, Ghana, Nigeria, Nyasaland, 
Southern Rhodesia and New Zealand, in addition 
to field work in Britain. 


( lose Cco- 


Air survey of Cornwall 

Last year the Atomic Energy Division of the 
Geological Survey, acting on behalf of the Atomic 
Energy Authority, undertook an airborne radio- 
metric survey of west and central Cornwall. Results 
of this survey have so far been interesting. Several 
of the anomalies recorded are sufficiently marked at 
surface to merit pitting, trenching and exploratory 
drilling to prove the extent of the mineralization 
underground. The area to be covered by airborne 
survey will be extended this year to cover the 
remainder of Cornwall, and much of Devon and 
Somerset. Any areas which seem to justify closer 
examination will be investigated by ground parties 
equipped with portable scintillation and Geiger- 
Miiller counters. 

In addition to this air reconnaissance survey, the 
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Division is undertaking the examination of aban- 
doned mine workings in Cornwall where small 
amounts of uranium are known to occur. Only 
surface, or near surface, examination has hitherto 
been possible, but reconnaissance drilling has 
recently started and will continue on an increased 
scale during the summer season. The division may 
later expand its survey to cover other areas in 
which uranium mineralization might occur; for 
example, north and central Wales, north England 
and the southern uplands of Scotland. 

Field work of this type is of little value with 
out research facilities behind it. Behind the 
scenes, in the division’s laboratories, the potential 
ores are examined in detail—a less spectacular yet 
vitally important task. Radioactive mineral speci- 
mens found in the field—either by the Geological 
Survey’s own geologists, by other geological sur 
veys, by mining companies or by private prospectors 
—are studied by the most modern techniques, 
some of which have been developed by members of 
the division. 

An indication of the complexity of the work 
undertaken may be obtained from the fact that 
there are over 100 known uranium-bearing minerals 
and over 50 thorium-bearing minerals. Thousands 
of samples are normally examined annually and, at 
the same time, a research programme is main- 
tained which has enabled the division to make 
a considerable contribution to radiogeology in 
papers published, from time to time, in the bulletin 
of the Geological Survey and other scientific 
journals. Studies of world-wide importance have 
been made in the fields of mineralogy and ore 
genesis, autoradiograph techniques, ore mineral 
identification and the examination of radioactive 
minerals by X-ray methods. 


Free assay service 

lo mining companies, private prospectors, 
including members of the public, the division 
provides on behalf of the Atomic Energy Authority 
a free assay service for material which is considered 
to be radioactive. The only proviso in accepting 
material is that full details of locality must be given. 
This information is, of course, treated as confidential. 

An idea of the effort involved in the detailed 
examination of rock samples can best be seen by 
tracing one through the laboratories. When 
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direct remedy for improving the finish of this group 
is generally by some form of cold-working, e g cold- 
rolling or cold-drawing, otherwise it is preferable 
to use a free-machining variety of the same carbon 
specification. In certain instances, however, the use 
of such material may be precluded on metallurgical 
grounds. 

It is in the medium- and high-carbon steel groups 
that machining characteristics are influenced to a 
much greater extent by metallographic structure. 
It is advisable within certain limits to use as hard a 
metallographic structure as possible in order to 
minimize the possible formation and function of the 
built-up-edge. This requirement demands wide 
dispersion of carbide particles and a small mean 
ferrite path. Against this, on the other hand, it is 
preferable that the area occupied by carbides per 
unit area of surface be as small as possible (7 ¢ 
relatively few widely separated carbide areas of large 
size) if inferior wear performance of the tool from 
hard particles in the workpiece is to be avoided 
Obviously, then, a compromise must be effected 
between these opposed requirements for carbide 
distribution and, it is suggested, an optimum mean 
ferrite path must exist, shifting in the direction of a 
greater mean ferrite path as the carbon content of 
the steel increases. Thus, a pearlitic structure is 
usually selected for medium-carbon steels, changing 
to a spheroidized structure for the higher-carbon 
steels, but this generalization must be implemented 
by actual machining tests if the best combination of 
machining conditions (7 e for output), tool wear and 
surface finish is to be effected. Much has been done 
in this direction of recent years and the outstanding 
contributions of the U S Air Force Machinability 
Project*’: °° provide excellent guidance regarding 
the effect of microstructure on the various aspects 
of the machining process. Where difficulty arises, 
more especially with softer materials, assistance can 
be given by increasing the structure hardness 
through heat treatment, provided the improvement 
obtained is not offset by increased wear due to hard 
particles. 

The question of grain-size may also be involved 
It is generally accepted that small grain-size, while 
frequently leading to inferior tool life, usually 
results in improved surface finish, but recent Ger- 
man work** would appear to cast a degree of doubt 
on this general finding in the case of the turning of 
certain steels. Thus, unalloyed and chrome- 
manganese case-hardening steels showed their best 
surfaces in the coarse-grained ferritic, lamellar 
pearlitic structures, while heat-treated structures 
gave surface finishes nearly as good as (and, some- 
times, better than) fine-grained ferritic, lamellar 
pearlitic structures. Soft, annealed forms did not 
depart from previously accepted views and, in all 
cases, produced poorer surfaces than did ferritic- 
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pearlitic structures. A large-grained material wo 
tend to split more readily along crystallograp! 
planes than would a fine-grained material, but, 
has been pointed out,*® there is probably a limit 
desirable grain-size from the standpoint of surfa 
finish. In the case of the pearlitic steels, the s 
of the lamellar pearlite grains undoubtedly has 
effect on ease of machining and the type of fin 
produced. As already pointed out, next to a heavi 
spheroidized condition, a wide lamellar structur 
affords the fewest points of contact between t! 
highly abrasive carbides and the cutting point of tl 
tool, but the lamellar structure provides better suy 
port for the ferrite than does the spheroidiz 
structure (except, perhaps, in the case of a ver 
high-carbon steel) and ensures—at any rate, wh 
machining both low- and medium-carbon grades 
a better degree of surface finish. It is general 
considered that the benefits resulting from th 
support given to the ferrite by the lamellar structur 
are at a maximum when the carbon content is of t! 
order of 0-5 Of the forms of compromi 
mentioned above, probably the best structure | 
mixture of lamellar and spheroidized pearlite 

A typical instance of the benefit afforded by co 
trol of structure was given in the machining of 
molybdenum steel forging at the plant of the Dodg 
Division of the Chrysler Corporation, USA 
Using high-powered lathes and carbide tools and 
heat-treating the blank to give a uniform structure of 
75 ferrite and 25 pearlite (Brinell range 
160—196), it was found possible, in addition 
marked operational improvements, to machin 
before regrinding 100 pieces having a surface finis! 
of 150 micro-inches, compared with a former valu 
of 300. However, when the carbon exceeds 0-6 
the fully spheroidized structure will afford amp! 
support for the ferrite and so provide the best 
balance between surface and tool life. The com 
promise could be effected at somewhat lower carbo: 
contents when carbide-forming elements, such 
vanadium or chromium, are present, but the balanc 
will be affected by the amount of such elemer 
present. 

Alloying elements generally have an adverse effect 
on tool wear, since they form additional hard car 
bides and or go into solution to increase the matrix 
hardness. The first group, including chromiun 
molybdenum, tungsten, vanadium, etc., cause 
crease in ploughing-type wear through increase i 
hard particles. When the alloy content is apprec 
able, machining is preferably carried out on materi 
in the fully spheroidized condition. Ploughing we 
is also brought about by incorporation of the soluti 
elements which increase the matrix hardness and als 
the tendency for the matrix material to strain-hard« 
and increase the hardness and size of the built 
up-edge, so increasing the difficulty with regard t 
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finish. The increased hardness of the matrix also 
causes increase in the transfer type of wear, 7 e the 
transfer of metal from the tool face to the chip at the 
breakdown of temperature welds, since the hardness 
values of both chip and tool will be more nearly 
equal. The superior performance of hardened and 
tempered structures is undoubtedly accounted for 
by the fineness and uniform distribution of struc- 
tural constituents. The finish must be balanced with 
the tool life, however, if economic machining is to be 
effected. Thus, a low nickel-chromium-molyb- 
denum steel showed superior finish in the hardened 
and tempered condition (much superior to the 
annealed condition), but by far the best tool life 
high-speed steel tools) was obtained on the material 
in the spheroidized condition.*’ With reference to 
the type of wear, it is important to remember that 
most wear at low speeds is of the ploughing type, 
while both the ploughing and transfer types of wear 
can take place at high speeds. 

Mention must also be made of those cases where 
an added element or an impurity goes into solution 
in the ferrite, but where the attendant hardening 
effect is accompanied by sufficient reduction in 
ductility that there will be less tendency for a built- 
up-edge to be formed. Where the consequent im- 
provement in surface finish is more marked than 1s 
the increase in power consumed, due to the harden- 
ing effect, the steel can be considered as being freer- 
machining (not necessarily ‘ free-machining’ in the 
generally accepted sense). The occasional claims 
that plain carbon steels of higher manganese content 
are freer-machining than resulphurized steels of 
similar carbon content, but having lower manganese, 
are attributed to this effect.** The relatively high 
hardness of the ferrite in the various brands of free- 
cutting steel has been shown to be due in part to the 
amounts of phosphorus and nitrogen in solid solu- 
tion, but the amount of such solute is relatively low, 
although the modified ferrite work-hardens only 
slowly in ordinary types of low-carbon steel 

Austenitic materials show a marked strain- 
hardening tendency on machining, resulting in a very 
hard and large built-up-edge, with ploughing wear 
from pressure welds at low speeds, with attendant 
inferior finish, and transfer wear due to the forma- 
tion of temperature welds, the strain-hardening 
increasing the hardness of the chip to that of the 
tool. Metallurgically, the work-hardening character- 
istic is modified to some extent by composition.” 
Work-hardening, in the case of these materials, 1s 
due to deformation which causes partial transforma- 
tion of the austenite to ferrite and to the fact that 
the cold-worked chrome-nickel ferrites formed are 
harder than pure ferrites owing to solid solution 
strengthening. 

When machining steels, therefore, conditions 
must be maintained whereby cold-working of the 
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chips and the surface of the part is minimized.** 
It is essential that tools should be sharp and well 
polished and have large top-rake angles, consistent 
with reasonable tocl life, in order to avoid excessive 
deformation and consequent hardening of the chips. 
Chip breakers assist in preventing the chips from 
scratching the work, while heavy cuts (preferably at 
low speeds) are desirable in order to remove the 
work-hardened skin left from previous operations.*° 
Reductions in speed are to be preferred to reduc- 
tions in feed if tool life is unsatisfactory. The 
ploughing wear trouble can be overcome to a great 
extent by application of a suitable cutting fluid, 
which also assists tool wear by decreasing the 
pressure-weld area and the extent and hardness of 
the built-up-edge.** 

Most high-temperature (jet) materials result in 
even greater difficulties with regard to work- 
hardening and each material must be examined on 
its merits and, if necessary, a special machining 
technique evolved. Many such studies have already 
been carried out by the Curtiss-Wright Corporation 
and described in the US AF Machinability Re- 
ports * The case of titanium and its alloys is of 
outstanding interest. From the data obtained, it 
would appear that titanium should cut * more easily ” 
than does steel, since the coefficient of friction is 
generally lower, so that no real difficulty should be 
experienced in obtaining a good surface finish; and 
shear strength and unit power are lower. Thus, 
neither work-hardening nor machining forces can 
explain the phenomenon of Jow tool life which 
attends the machining of most titanium alloys. It 
will be appreciated, of course, that the high- 
temperature alloys have much higher shear strengths, 
so that increased machining difficulties will generally 
arise. 

Undoubtedly, one of the most ready means for 
obtaining good surface finish with ease of working 
is by the use of free-cutting materials, provided 
they can meet the necessary metallurgical require- 
ment. In the case of steels, tool life is increased, 
surface finish is improved and the coefficient of 
friction and the power required are both reduced 
for a given set of cutting conditions when employing 
free-cutting stock. In addition to breaking up the 
continuity of the ferrite, manganese sulphide is 
believed to provide a lubricating effect, so reducing 
frictional heat (between chip and tool) and tool wear 
By imparting anti-seizure properties to the steel, 
it also reduces the tendency to formation of a 
built-up-edge on the cutting point of the tool. Even 
a quite small increase in the sulphur content of 
low-sulphur steels enables an improved surface 
finish to be obtained and higher cutting speeds to 
be employed. 

In the case of relatively brittle materials, such as 
cast iron, the nature and size of the micro-con- 
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stituents often has a direct bearing on the surface 
finish obtained. While there may be a certain 
amount of fragmentation by the cutting tool, it has 
been found“ that surface finish is directly related to 
the size and number of free graphite particles, the 
finish improving with decreasing graphite size, but, 
it has been pointed out,® that irons with larger flakes 
frequently give rougher surfaces owing to the tearing 
out of particles in the neighbourhood of the flakes. 
Irons with somewhat lower carbon contents often 
provide a better surface finish. Graphite particles, 
whatever their size or form, lead to relative weakness 
of the metal in tension, so that the chips formed in 
the machining of grey iron are discontinuous. Sur- 
face finish must benefit, therefore, in that a built-up- 
edge is not readily formed, although this may be due 
in part to a certain lubricating effect of the graphite 

Very recent work*’ gives a comprehensive survey 
of the factors affecting the surface finish of cast iron. 
While the quality of surface finish is shown to be 
dependent on machining conditions, tool geometry, 
the setting up and condition of the machine and the 
type of cast iron being cut, the graphite present, 
while definitely influencing surface finish in the 
manner described, has a much greater influence on 
the ‘ appearance’ of the surface. It is contended 
that the presence of the graphite in the surface tends 
to make it appear grey and thus less smooth than it 
actually is. In some machining operations, portions 
of the graphite may be pulled out of the surface of 
certain irons, leaving microscopic pits. The graphite 
in annealed irons (with a matrix of ferrite) is more 
likely to be pulled out of the surface. Apart from 
the size and shape of the graphite flakes, the surface 
finish is influenced by the matrix microstructure 
A better finish will be obtained with finer flakes or 
nodular graphite in a matrix of fine pearlite. Free 
carbides are, of course, most undesirable, while, in 
commercial irons, the existence of the hard phos- 
phorus-bearing constituent, steadite, can lead to 
tool-life and surface-finish troubles, but usually 
when present to an amount equivalent to a phos- 
phorus content of 1”., or more. 

The recent investigation just mentioned*’ also 
showed that surface finish is improved with in- 
creased cutting speed and by using a light feed and 
shallow depth of cut, the quality of finish being more 
sensitive to the former. Dulling of the tool appears 
to act beneficially or adversely, depending on cir- 
cumstances. Thus, if dulling results in a land on the 
end of the cutting tool which is generating the work 
surface, the finish may actually improve. Also, the 
nose radius may be increased, with the accompany- 
ing tendency for improved surface finish, as already 
explained. 

Effect of the cutting tool While it would generally 
be agreed that the surface finish obtained in the 
machining of any one material would be progressively 
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improved on changing from carbon steel to high 
speed steel to cast non-ferrous alloy and finally t 
a sintered-carbide tool (in that order), the result 
would be due almost entirely to the increasingly 
higher cutting speeds which become available i: 
changing from the first to the last group. If the sam 
cutting speed could be used for all types, ver 
little difference in the surface finish would b: 
observed. Indeed, if for some reason a comparative! 
low cutting speed had to be used in the cutting « 
steel, the carbide tool would almost certainly n 
show the best performance by comparison due, | 
the speed were sufficiently low, to abrasion, o 
possibly at slightly higher speeds to a tendenc 
for the carbide to weld to the metal. A high-speed 
steel tool has been found not unusually to have 
greater tool life than has a normally equivalen 
carbide tool when operating at less than 50 surfac 
ft min.** Consequently, tools which are required t 
work at characteristically low cutting speeds ar« 
generally made from high-speed steel. In the 
majority of cases, however, relatively high cutting 
speeds are called for and here the performance otf 
cemented carbide tools is outstanding, and especial! 
so in the case of hardened stock. Steels of hig! 
hardness give excellent finish on machining, but 
only as long as the tool remains sharp, so that, if 
the potential improvement in surface finish is to be 
capitalized, and particularly in the case of those 
materials which undergo considerable work-harden 
ing on machining, it is essential that the tool is of 
material which does not readily abrade 

Although little or no change in finish is noted 
between the performance of the above-mentioned 
tools at any one sensibly selected speed, a diamond 
tool will usually give a better finish at the same speed 
owing to the low friction developing between the 
metal and the tool with, in consequence, a lesser 
tendency to the production of a built-up-edge.*° 


a 


Surface action—‘ smear metal’ 

The above machining and material considerations 
can be regarded in the main as having a direct 
bearing on surface quality. There are, however 
certain more or less indirect considerations which 
must be taken into account, and these are mainly 
metallurgical. 

As is well known, Beilby** developed a theory 
that the polishing operation results, especially in th« 
case of plastic materials, in a surface layer of meta 
being transferred over the surface. This ‘ smear 
metal ’ was considered by Beilby to be amorphous 
or, at any rate, non-crystalline. The existence of 
such a layer is undoubted, but there has been muc! 
discussion concerning its nature. Bragg,’® for 
example, maintained that an amorphous metallic 
film, if it exists at all, would be extremely short-livec 
in that state. This view is certainly supported b\ 
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electron-diffraction investigations in which there is 
fairly general agreement that the grain formation of 
the metal below the surface is deformed and frag- 
mented for an appreciable depth. It may well be, 
however, that this layer or band is partly independent 
of the layer of pseudo-amorphous metal created in 
preparing the surface. The results of Wulff*® are 
of importance in this respect. It is unfortunate that 
this work, published on a restricted basis during the 
last war, has not received the attention which it 
undoubtedly deserves. 

Wulff’s aim was to ascertain the depth and nature 
of the deformation induced by a variety of surface- 
finishing processes, his means of examination being 
electron diffraction, metallography and corrosion 
testing. Some of the views expressed on the last 
aspect call for remark, and especially with reference 
to the material used, namely, 18 8 chrome-nickel 
stainless steel (analysis not stated), in which a 
coarse-grained austenitic structure had been de- 
veloped by annealing 

For the electron-diffraction studies, the methods 
of surface preparation used were fine grinding, wet 
grinding, cold reduction, honing, sanding, lapping, 
super-finishing and metallographic polish—it had 
previously been shown” that the last method of finish 
can be studied by reflected electron-diffraction 
methods. In order to determine the depths of trans- 
formed layers, measured amounts of metal were 
removed in successive stages by controlled electro- 
lytic etching in 10°,, oxalic acid. The amounts 
removed from the surfaces were equivalent to thick- 
nesses from 30—100A. It is of interest to note that 
this technique did not alter the root-mean-square 
profile of the surface, although microscopic ex- 
amination showed that etching had changed the 
true profile. 

Diffraction results were recorded schematically 
with reference to structure, each sample giving a 
profilometer reading of from | -4—2-8 micro-inches 
—the best finish was 1-4 for mechanically lapped, 
super-finished and metallographic finish. Briefly, 
these three methods of preparation, together with 
those of sanding and honing, all showed a layer of 
cold-worked ferrite of varying depth above the 
normal austenitic structure, the best being metallo- 
graphic polish, followed by super-finishing and 
mechanical lapping (apparently equal); the material 
which had been reduced cold to 50°,, reduction 
showed wholly cold-worked ferrite. 

The most marked transitions were observed in the 
ground specimens. In the case of dry fine grinding, 
a film of distinguishable oxide is seen at the surface 
and underneath which extends an appreciable depth 
of deformed austenite, then a transition zone of 
lesser depth consisting of cold-worked ferrite with 
deformed austenite, followed by the usual zone of 
cold-worked ferrite and finaily the basic austenitic 
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structure. This preparation showed by far the 
greatest degree of working and variation in structure, 
the zone of all cold-worked ferrite being at a depth 
of approximately 0-001 cm. Wet grinding, of 
course, eliminates the temperature effect, which 
gives rise to the oxide film in the case of dry grinding, 
after which the various zones follow similarly to 
those recorded for the latter treatment, but with a 
lesser depth of deformed austenite. It should be 
mentioned in the case of the ground specimen that 
the existence of a weak pattern of oxide was only 
obtained when the electron beam was reflected per- 
pendicular to the directional scratches and, following 
this, more than 2,000—3,000A had to be removed 
before a pattern could be obtained in order to give a 
readily identifiable structure. 

In the metallographic studies the materials used 
were &-brass, 6-bronze and 14°,, manganese steel, 
since the two former are noticeably sensible to hot- 
working and all show transformations on cold- 
working. Also, at the magnifications required for 
the examination of such fine layers and depths from 
the surface, it was not possible to show by etching 
the necessary degrees of difference between the 
ferrite and austenite of 18 8 (for purposes of com- 
parison). Metallographic preparation was by alter- 
nate polishing and etching of transverse sections cut 
through the prepared surface, which had previously 
been protected by means of a layer of electro- 
deposited nickel. In each case, it was possible to 
discern at 2,300 a transformed layer, due to 
grinding of the top face, extending down to depths 
of about | 10°* cm_ such layers appearing fine- 
grained and distorted (when resolvable) in com- 
parison with the relatively coarse-grained structure 
of the basis material. Immediately below this layer, 
each of the three alloys mentioned showed a marten- 
sitic structure due to cold-work and extending to 
depths of at least | 10-* cm. Metallographic 
evidence of the temperature effect due to grinding is 
shown by the presence of wholly «-phase in the 
4-brass (only discernible visually), while, in the 
case of brass and bronze, numerous small cracks are 
formed by grinding—they are not visible when the 
surface is prepared by lapping. In the case of various 
steels, such fine cracks are attributed more often to 
the existence of retained austenite which, when 
severely worked (e g by grinding), may transform— 
sometimes, even when the deformation is cold 
Such transformation will tend to produce surface 
cracks, so that, in such instances, the fault lies in 
heat-treatment practice rather than with the tech- 
nique of grinding. 

Corrosion tests were by atmospheric exposure, 
salt-spray and hot salt water immersion on low- 
carbon steel, hardened alloy-tool steel and 188 
stainless. Wulff apparently considers the results on 
the last material to be of some importance. The 
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higher initial and final rates of corrosion of the rough 
ground surfaces were attributed to the presence of 
surface ‘ fuzz’ and distorted metal and also, per- 
haps, to entrapped impurities and minute surface 
cracks—the latter were also observed in severely 
cold-rolled material, with increased corrosion rate 
The effect of such cracks can be removed by deep 
pickling. A certain degree of cold-work (5°,, by 
cold-rolling) and also polishing tend to make the 
surface more resistant than does super-finishing 
alone. This effect has been commented upon pre 
viously” and is generally considered to be due to 
uniformity of the surface, 7 e over which only small 
differences in potential could exist 


The major comment on Wulff’s corrosion results, 
however, applies to the use of ‘ loss in weight ° as a 
criterion of the surface resistance. When steels of the 
18 8 type undergo the pitting form of corrosion, 
attack is usually at a few isolated points, so that it 
must be questionable whether loss in weight can be 
significant. Indeed, series of such tests, in which the 
greatest single loss was 1-4 mg cm*, can hardly be 
seriously considered from the aspect of weight loss 
and especially when the greater part of the total loss 
will be from only a few points. At the same time, it 
must be admitted that the sequence of weight loss 
results recorded by Wulff for 18 8 stainless steel is 
approximately the same as that given by means 
of the diffraction method and by 
examination. 
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To summarize Wulff’s results, fine-grained and 
severely distorted austenite to a depth of 6-3 
10-4 cm was shown in the case of fine grinding. For 
this material to have remained face-centred means 
that during deformation the lower boundary must 
have been at about 200 C. From considerations of 
heat flow, it has been calculated that the surface 
temperature of the top layer of atoms will be between 
about 700 C and the melting point of the metal 
Although such flash temperatures may exist, they 
will never reach depths of 6-3 10°-* cm, and 
certainly not at the same time as the effects of 
mechanical deformation. The work must move to 
another point of contact before the thermal flash can 
reach this depth. Auxiliary rolling experiments led 
to the belief that the presence of deformed austenite 
can be attributed to the heat engendered during the 
severe and rapid plastic deformation accompanying 
the grinding process. At the same time, it is not 
considered that the flash temperature results of 
Bowden and Leben” are vitiated, since they are well 
confirmed by the depth of oxide film formed at the 
surface. 

Apart from the criticism made above, the cor- 
rosion results are of value in attributing the higher 
initial and final rates of corrosion of the rough 
ground surface to the presence of surface ‘ fuzz’ 
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and distorted metal and, possibly, also to the 
presence of minute surface cracks 

Wallace” has also appreciated the significance 
smear metal and for its removal 
optimum surface finish is to be obtained. H 
visualizes three metallurgical conditions existins 
when the metal surface has been prepared by turt 
ing, grinding or honing—first, the fragmente 
crystalline metal which has been ruptured from the 
main crystalline body, but which retains it 
line structure; second, the so-called amorphous or 
smear metal which holds the fragmented crystal 
together; and, third, the basis metal, isolated point 
of which extend into the defective smear surface 
which, to some extent, fills in voids between the fre¢ 
crystalline and the base crystalline metal. Any sub 
sequent operation, such as burnishing, crushes th 


the necessity 
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free fragmented grains and the projecting points 
basis metal into the disturbed surface 
levelling the metal surface, but only by 
of a smear metal surface 

Ihe requirements for the production of a true, 
fine finish therefore, twofold Firstly, the 
geometrical requirement—the removal of previou 


tructure, s 
the formatio1 


are, 





surface roughness, scratches, etc, while the second, 
the metallurgical requirement, involves the removal 
of the defective surface of smear metal to expose the 
undisturbed crystalline basis metal Che only 
manner in which this latter can be achieved is by the 


clean cutting of the basis crystal grains and without 
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the development of any real degree of plastic flow 


The removal of *‘ smear metal’ 

rhe obvious solution to the problem of smear 
metal is its removal by chemical etching, but this 
method would not generally produce the necessary 
degree of surface finish, and certainly could not be 
used on a production basis for working to fine limits 
Certain electrolytic chemical polishing treatments 
are finding increasing use for the production of 
components, but even these could not in general 
be regarded as replacement for finish machining 
The surface disturbance, both of contour and 
metallographic structure, however, brought about 
more particularly by dry grinding, constituted a 
serious drawback and the development of Super- 
finishing, notably in the U S A, was an outstanding 
contribution to the removal of smear metal by pro- 
ductive means. Wallace** has supplied metallo- 
graphic evidence to show the clean cutting resulting 
from a super-finished surface with no real dis- 
turbance of the structure by plastic flow 

lhe operational! advantages of Superfinishing 
point readily to the superior metallurgical condition 
of the finished metal surface 
are principally: (4 
comparison with 
correspondingly 


These advantages 
3—50 ft min) in 
for finish grinding; (ii 
abrasive 
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superior abrasive action—short strokes at great 
rapidity and random direction of the abrasive stones 
—to give a scrubbing and abrading action which 
removes the defective metal layer from the surface 
in comparison with the single direction, heat- 
producing action of grinding and honing, necessi- 
tating high pressures and speeds and so producing 
the fragmented layer of smear metal); (iv) no 
coolant is required, since no real degree of heat is 
produced. The only requirement is a light oil of 
suitable viscosity for lubrication purposes and to 
act as a vehicle for the minute particles abraded 
from the surface by the short stroke of the stone; 
v) the production of a geometrically smooth surface 
having a truly crystalline surface with no disruption ; 
vi) although essentially a finishing process, Super- 
finishing can be adapted to roughing operations (for 
dimensional requirements) by the use of coarser 
abrasive and slightly increased pressure and speed 
to give a mass-produced quality of surface superior 
to that obtained by other methods, using much 
greater speeds. Even so, the Superfinishing dimen- 
sional operation should be followed by the Super- 
finishing finishing technique if the true crystalline 
surface is required 

Of the advantages given above, certain corollaries 
should be considered 1n relation to items (i) and 
v). The frictional resistance to chip flow is main- 
tained at a low value by replenishment of the film 
between tool and chip, the process involving the use 
of frequent (or, preferably, continuous) changes in 
the direction of rotation of the abrasive particles 
relative to the work and thus avoiding long continued 
contact of freshly ruptured metal with a given point 
on the abrasive grain (7 e the sides of the scratches 
produced by the minute abrasive grains are relatively 
smooth and free from transverse irregularities 
Again, the minute abrasive points do not accumulate 
relatively great volumes of metal ahead of the 
abrasive grain with the production of deep scratches, 
as in grinding and honing 

Briefly, the previous concept that dimension and 
surface finish can be carried out simultaneously is 
false in that the surface obtained is geometrically 
defective in topography and metallurgically defective 
in physical structure These conditions can be 


eliminated by Superfinishing, involving thesuse of 


low abrasive speed and pressure, multi-directional 
motion, bonded abrasive and suitable lubricant. 


Effect of cold-work on surface finish 
In the previously recorded equation of Ernst and 
Merchant,”** 
S H - tan 6, 


the efficacy of preventing the formation of the built- 
up-edge by decreasing S, the average shear strength, 
was clearly shown. It was further suggested that it 
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should be possible under certain conditions to 
prevent its formation by sufficiently increasing H 
the mean pressure hardness value for the softer of 
the two metals in contact), while leaving S un- 
changed. Thus, a bad built-up-edge was always 
formed when taking a dry cut, 0-003 inch deep, on 
annealed aluminium, with the cut preceded by a 
similar light cut. The surface obtained was very 
rough. But, when the surface was first cold-worked 
to an appreciable depth by taking a cut, 0-025 inch 
deep, scarcely any built-up-edge was formed during 
a 0-003-inch cut taken immediately afterwards and 
a relatively smooth surface was obtained. 

That the cold-work produced in the surface layers 
of the work is a function of the tool angle has been 
shown in connection with the face-milling of low- 
carbon steel and of magnesium alloys.*” It was con- 
cluded that negative radial rake angle cutters de- 
veloped a greater degree of cold-working than did 
cutters with positive radial rake angles and that the 
depth of penetration was also greater. Little varia- 
tion was observed in the thickness of the affected 
surface layer produced on magnesium alloys by cuts 
of different depths taken at the same feed. The free- 
cutting action of magnesium alloys, however, has 
been remarked upon” since it is possible to obtain 
excellent surface quality from ordinary turning 
operations. Indeed, surface finishes of 4—5 micro- 
inches have been obtained commercially in precision 
turning and facing operations, no finish grinding 
operation being necessary. 

Actually, there are two characteristics of cold- 
working which largely determine its effect on surface 
finish.* If the case of mild or dead-mild steel is 
considered, slip occurs along the cleavage planes 
when the steel is hardened by cold-working, so that 
the material can be visualized as being composed 
essentially of layers of soft ferrite, separated by films 
of much greater strength at the slip planes. Such 
films support the soft ferrite layers and the effect is 
similar to that of lamellar pearlite (in a steel of 
higher carbon content) in breaking up the continuity 
of the ferrite, so that the ductility’is reduced and the 
surface finish improved. As the thickness of the soft 
layers is increasingly reduced by further cold-work- 
ing, the finish becomes progressively better, but, 
owing to further work-hardening, it may be neces- 
sary to reduce the feed and speed of the machining 
operation, since greater forces are required to cut 
the harder metal. 

Another characteristic of steel which has been 
cold-worked for reasons of surface finish is the 
manner in which the material stretches prior to 
rupture, when compared with hot-rolled steel of the 
same composition. The manner of elongation de- 
velopment prior to rupture is quite different for the 
two conditions, as can be shown by tensile tests 
made on bars of the same stock before and after 
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cold-working. There is marked elongation on either 
side of the break in the case of the hot-rolled 
material, whereas practically all the elongation of the 
cold-drawn bar occurs in the first inch. This dif- 
ference in elongation development is another reason 
for the improved finish obtained on cold-drawn, as 


compared with hot-rolled, bars, and particularly if 


the steel is of the low-strength, high-ductility type. 
When the chip is sheared by the cutting tool, the 
area beneath it which is affected by the shearing 
action is restricted, but, with hot-rolled material, 
on the other hand, the metal is stretched for some 
distance below the surface before rupture finally 
takes place and an inferior surface finish results. 


Surface finish in grinding 

Owing to the distinctive character of the grinding 
process, Tarasov®’ has used the term ‘ grindability ’ 
to describe machinability by the abrasive wheel and 
has introduced a further distinction between the 
ease with which stock is removed by grinding and 
the susceptibility of the material to cracking, the 
latter being referred to as ‘ grinding sensitivity.’ 
Thus, two hardened steels may have the same grind- 
ability (the same resistance to a grinding wheel), but 
may differ greatly as regards grinding sensitivity 
It is known that factors which markedly affect sen- 
sitivity do not affect grindability in any way, so that 
the adoption of a single description for the two un- 
related phenomena would lead, of course, to con- 
fusion. Furthermore, a distinction between grind- 
ability and the ease with which a high degree of 
surface finish can be obtained is made by calling the 
latter ‘ finishability,’ as suggested earlier by Ernst 
If such a distinction were not made and both 
characteristics embraced by the single term ‘ grind- 
ability,’ it would be ambiguous to an extent that it 
would provide little or no reliable information con- 
cerning the response of a steel to grinding. Steels 
having a high rating from the standpoint of stock 
removal might have very possibly a low rating on the 
basis of surface finish. 
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specimens are received they are examined first by 
a specially constructed Geiger-counter which gives 
a rough indication of whether or not the material is 
abnormally radioactive. If the latter, representative 
portions of the specimens are crushed for accurate 
assay by radiometric techniques and the content of 
uranium or thorium estimated. Sections from the 
specimens are then cut by diamond saw and 
mounted for examination under the microscope 
The sections of relatively transparent minerals are 
mounted on glass slides and rubbed down till they 
are about a thousandth of an inch thick; those of 
the more opaque species are examined by reflected 
light after polishing. Usually the minerals com- 
prising the specimen can be identified in this way, 
but it may be necessary to remove minute fragments 
of any undetermined mineral for examination by 
X-ray diffraction. The photographs obtained by 
this latter technique are characteristic of the par 
ticular mineral species. When radioactive minerals 
are exposed on special emulsions, similar to those 
used on photograph plates, they produce an image 
or autoradiograph on development. Use is made 
of this phenomenon in the location of radioactive 
mineral grains and in their identification. Associated 
non-radioactive minerals in the specimens must also 
be identified, as the nature of these to a large extent 
dictates the technique that may have to be employed 
later if extracting the uranium or thorium 

The end-product of such an investigation is 
a report on each specimen or group of specimens 
submitted. This gives details of the uranium o1 
thorium content and the nature of the minerals 
contributing to the radioactivity, with their grain 
size, and distribution in relation to the associated 
non-radioactive minerals. Attention is also paid in 
such reports to specific problems, such as the 
bearing of the mineralogical observations on 
difficulties that may be encountered in treating 
material of ore grade. 
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NADFS Spring lectures 1958 


No I 
Forging-quality steels 


Every year the National Association of Drop Forgers 
and Stampers orgamizes a series of educational 
lectures, designed primarily for the younger members 
of the industry, each lecture being followed by a dis- 
cussion. It 1s felt that a summary of the more impor- 
tant points made by the various lecturers may be of 
interest to readers of METAL TREATMENT and synopses 
of each lecture will appear in subsequent issues. The 
1958 series began on April 22 when Mr W. Ash, 
F I M, chief works metallurgist of Steel Peech & 
‘ozer, branch of United Steel Companies Ltd, spoke 
on some of the problems facing the steelmaker who 
undertook the production of forging-quality steels 


AFTER BRIEFLY OUTLINING the raw materials basis 
for the production of pig-iron used in the open- 
hearth process of steel-making which was respon- 
sible for 90°, of the steel made in this country, the 
lecturer went on to describe the general procedure 
of working a typical basic open-hearth furnace, 
charge consisting of about 40°,, pig-iron analysing 
in %: C, 3-5—4-0; Si, 0-7; P, 1-5; Mn, 0-8 
and 60°,, scrap. Having melted the charge, a 
sample was taken for the chemical laboratory to 
make a quick analysis. The aim was to melt out 
with 0: 30—0-40°,, C above that actually required 
so as to allow the charge to ‘ boil.’ This got rid of 
dissolved gases and enabled the temperature of the 
metal to be raised and thorough mixing to take 
place. 

The refining process was fundamentally quite 
simple. On melting, the percentage composition 
of a typical charge could be: C, 0-60; S, 0-07; 
P, 0-4. The carbon had to be brought down to 
specification, normal practice being to catch it so 
that little or no recarburization took place. Sulphur 
and phosphorus had to be removed usually to below 


0-05 or even less. At melt, an estimate of 


‘tramp’ elements was made with the Quanto- 
meter, an instrument which measured the elements 
almost simultaneously by electronic means, thus 
effecting tremendous saving of time over chemical 
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analysis. Percentages of nickel, chrome, molyb- 
denum, tin and copper contents were obtained in 
a few moments of the sample being received. 
Occasionally there were excessive amounts of one 
or more of these elements which called for rapid 
action on the part of the operator, if necessary 
changing the specification of the final steel made. 

The temperature of the steel was important, 
about 100°C of superheat over the complete melting 
point being necessary to enable steel to be tapped 
into relatively cool ladles and cast cleanly into ingot 
moulds. 


Casting ingots 

During casting, samples were taken for the ‘ pit’ 
analysis which was accepted as the official cast 
analysis. Sometimes as many as six samples were 
taken during teeming to cover slight variations 
which can take place during the time taken to cast. 
It was thus possible to withhold any portion of 
a cast outside the specification. 

There were several methods of ingot making, 
each having advantages and disadvantages. The 
metal might be poured direct into the moulds, and 
scabbiness, shelliness and general surface imper- 
fections dealt with later. However, in making steel 
for drop forgings it was difficult to remove entirely 
any gross surface imperfections, so care was taken 
in the casting pit to obtain an ingot as free as 
possible from surface blemishes on the product 
afterwards. Bottom pouring was the method used, 
the steel being fed into a central runner and dis- 
tributed to several moulds simultaneously through 
channels in the base plates, each mould being filled 
from the bottom. By this method, splash and gross 
shelliness were entirely avoided and the casting 
speeds could be controlled, so reducing incidence 
of ingot cracks. 


Segregation 

Segregation of elements was a common feature of 
ingots, and little could be done about it. Steel was 
a mixture of various constituents, the lighter ones 
tending to float upwards in the solidifying metal. 
Therefore, in an ingot the bottom region tended to 
be low in carbon and phosphorus and the top 
tended to contain more of these elements. Similarly 
these elements tended to be high in the centre axis 
region of the ingot. Therefore, the product of an 
ingot could show differences in analysis depending 
from which part of the ingot it had come. In a 
typical instance pit analysis was 0-32°,, and the 
variation in the product extended from 0-27— 
0-35°,,.. That kind of variation also represented 
efforts to make steel to a particular carbon content; 
the pit analysis could be up or down from the 
target aimed for by somewhat similar amounts, the 
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distribution in both cases being gaussian. With 
large heats it was not always possible to work to 
some of the close limits requested. Five points 
carbon limits were difficult for the steelmakers. 

Methods of steelmaking were continually sought 
to give less surface defects. Experiments were 
being made with rimming steel, killed in the 
mould, which gave a very thin-skinned ingot with 
good surface properties, better than any silicon- 
killed steel. A steel with 0-2°., C and below with 
0-6°,, max could have its applications. Unfor- 
tunately its negligible silicon content did not con- 
form to the usual drop-forging steel specifications 
which mostly were 0-05—0-35",, Si. 


Surface treatments 

As it was virtually impossible to make ingots 
without surface imperfections, a request for a very 
special forging-quality steel might involve removing 
the surface of the ingot before rolling. In the case 
of mild steels that would mean cold scarfing carried 
out by hand with an oxy-acetylene torch. The 
merit of that method was that the operator could 
see any local imperfections and remove them. It 
was costly but very effective. Higher-carbon ingots 
and alloy ingots could be cleaned up by planing. 
About 5°, ingot weight was lost by those methods 
and in addition the economic advantage was lost of 
supplying the hot ingot to the mill reheating 
furnace. 

Hot scarfing could also be done in the mill with 
oxy-acetylene equipment which removed all the 
surface simultaneously at the bloom stage, but it 
was non-selective. It cleaned the surface in a 
general way but could not remove gross local 
imperfections. It was found, however, that the 
quality of the billet very much improved. The 
billets were first inspected on the hot bed, the 
necessary samples being taken for tests. At this 
stage it was usual to take a small piece of billet 
which was upended immediately under a small 
hammer, this giving inspectors a guide on surface 
quality. The next stage was inspection and dress- 
ing, and the standards were high for drop-forging 
quality. If the forging process demanded a better 
quality from the steel-maker such as upending 
quality, great care had to be taken at that stage. 
Usually billets were pickled first to remove scale 
and reveal surface defects. The latter had to be 
removed by means of chipping or surface grinding, 
which was expensive, but it was aimed at producing 
steel which would do a particular forging job. 


Discussion 

A visitor said he was pleased to see the scarfing 
process mentioned, but the lecturer did not seem 
to be of the opinion that it entirely removed seams. 
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He asked if all drop-forging billets necessarily ha 
to be deseamed by the gas-oxygen flame process 

The lecturer, replying, said that his firn 
made a fully killed steel which was not gen 
erally seamy, but it did contain surface imper 
fections here and there. The normal method of 
putting the hot ingot into the mill and rolling 
direct without losing its heat was an economica 
method. It went through the hot-scarfing machine 
which removed a uniform cut from the surface anc 
removed many of the surface imperfections. But 
by virtue of it being a non-selective operation, the 
billets had to be examined and any remaining 
defects removed by hand. Cold deseaming ot 
the ingot was more expensive, but it was intended 
to make the surface good by hand dressing before 
rolling. The difference between the two opera 
tions was that one was a selective hand-dressing 
operation and the other a non-selective machine 
dressing operation. 

Referring to carbon segregation, the lecturer 
said he did not think it was sufficiently well under- 
stood that the defect was unavoidable in sizeable 
ingots. It could be avoided only by making very 
small ingots which today could not be produced 
economically. 

Replying to a question regarding the use of hot 
tops the lecturer said some praiseworthy attempts 
were currently being made to reduce their volume, 
a technique having been worked out using exother- 
mic materials, instead of ordinary firebrick, to 
reduce hot-top volume from 12) to between 6 and 
7°... At present, however, the materials cost more 
than was saved, but doubtless the operation would 
soon be cheapened and made economical. 

Asked whether increasing furnace capacity had 
added to the problems of meeting close carbon 
specifications, the lecturer said that it was not easy 
to make carbon steel to tight specifications from big 
furnaces. He could see the customer’s point of 
view in his desire for a uniform product, but 
pointed out that, even if the official pit analysis was 
inside the specification, there was segregation inside 
ingots to contend with after that. 

Finally the question was asked what was the 
difference in drop-forging quality and any other 
steel ? Why could not mechanical properties be 
guaranteed with tight carbon contents ? To this 
the lecturer replied that drop-forging quality steel 
was made and produced to withstand the operation 
of drop forging and produce a satisfactory article at 
the end of it. If the questioner cared to take 
re-rolling quality, particularly in balanced steel, he 
would find it so full of seams as to be useless. As 
a steel-maker he considered it unfair to be required 
to supply carbon steel, as rolled, to a tight speci- 
fication and guarantee tensile properties as well. 
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= General view of the new plant 
THE COMMISSIONING of the new central heat- The new plant which incorporates many advanced 
d treatment plant at the Darley Dale works of the ideas was designed jointly with Gibbons Bros Ltd, 
Firth-Derihon Stampings Ltd has led toa reduction Honeywell-Brown Ltd, Hartons Ltd, and members 
‘t of 50°, of the labour force previously employed on of the Brown-Firth Research Laboratory, and 
5 heat treatment, and also a reduction of 75°,, in the consists of three Gibbons dual-system town’s gas- 
maximum number of heat-treatment furnaces in fired heat-treatment furnaces; two Gibbons town’s 
operation. gas-fired tempering furnaces; a Gibbons oil- 
) When the Darly Dale works were built in about quenching machine; a Gibbons-Van Marle turn- 
J 1941-42, conditions then operating necessitated the table charging machine; loading tables and special- 
: installation of a coke-fired producer-gas plant to type cooling tables; an instrument-control room; 
j operate in conjunction with producer-gas-fired and a centralized waste-gas discharge system. 


forge reheating and small batch-type heat-treatment 
furnaces. These operated satisfactorily up to 1956. 
At this time the need for greater accuracy of heat- 
treatment procedure to deal with the whole range 
of high-quality alloy and carbon steels, nickel- 
based and titanium alloys, together with increasing 
maintenance requirements of the gas-producer 
plant, brought about the decision to change over to 
the use of town’s gas for all furnace firing and to 
modernize the furnace equipment. 

The first stage in the modernization programme 
was the laying of a 12-mile-long, 15-in.-dia high- 
pressure town’s gas main from Chesterfield via 
Matlock to the Darly Dale works, the installation 
of a new high-capacity town’s gas meter and 
governor house, and extensive modification of the 
internal distribution gas main. Although the 
Darley Dale and Tinsley works had previously 
been responsible for the heat treatment of their 
own production it was decided to install a complete 
new heat-treatment plant at the Darley Dale works 
capable of handling the whole of the heat-treatment 
requirements of the company and to concentrate all 
heat treatment at these works. 





Furnace design 

The furnaces are 11 ft long, 6} ft wide and 3} ft 
high to spring line of arch in doorways. Furnace 
loads up to 5 tons weight are handled. The dual- 
system furnaces have normal operating temperature 
ranges of 200—750°C with forced recirculation, 
and 750—1,250 C without forced recirculation. 
The tempering furnaces have normal operating 
temperature ranges of 200—750°C with forced 
recirculation. 

Furnace temperatures are electronically con- 
trolled by a fully automatic electro-pneumatic 
system, the Honeywell-Brown control instruments 
being housed in a centrally positioned air-con- 
ditioned instrument-control room. The tempering 
furnaces are two-zone controlled and the dual- 
system furnaces single-zone controlled. Tempera- 
ture distribution throughout the furnaces is held 
to very fine limits and is indicated and recorded at 
any six points in each furnace. 

All furnaces are fully instrumented and con- 
trolled to safeguard against failure for any reason. 
Compressed air supply for operation of the pneu- 
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matic control equipment is obtained from duplex 
air compressors and receiver units mounted on 
top of the centrally sited instrument-control room. 

The oil-quenching machine is of very modern 
design, being of the fully-enclosed type with auto- 
matic door operation. Automatic lowering and 
lifting of the load with variable-controlled oscillation 
of the load during the quench period is also incor- 
porated. This ensures the optimum oil flow con- 
ditions during the quenching cycle. 


For cooling the oil in the quench machine, the 
oil is drawn from the top of the tank, passed 





ABOVE A conveyancer 6,000 /b 
capacity diesel fork-lift truck moving 


a stillaged load of forgings 


RIGHT Gas-turbine discs being 
transferred from a dual system furnace 
to the oil quench machine via the 


rotating charging machine 
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through a water-cooled oil cooler and returned to 
the tank via distribution ducts in the tank base. 
The oil cooler is capable of dealing with 27,000 
gal/h of oil, using 12,000 galh of water. Oil 
temperature is shown by an indicator on the 
discharge pipes from the oil tank. 


Materials handling 

The charging machine used in conjunction with 
the loading tables, furnaces and oil-quench machine 
is an all-electric, four-arm turntable design arranged 
for 5-ton loads. Four motors are used for hoisting, 
lowering, charging and discharging, traversing and 
rotation. Power is supplied to the charging machine 
via a specially designed motorized cable-drum unit, 
mounted on the charging machine, the feed cable 
being laid down in a small duct below floor level. 

The general layout has been designed to handle 
large and small batch production efficiently and to 
eliminate manual handling, as the plant has to deal 
with a wide range of forgings varying in weight 
from a few ounces up to about 800 Ib. 

All incoming materials are received into the 
reception bay in stillaged form, diesel-engine fork- 
lift trucks and electric battery-operated stillage 
trucks being used for the movement of all stillaged 
loads into the storage area, between the storage 
area and the loading tables, after treatment, and 
for the movement of stillaged loads to the adjacent 
inspection department. 

In the main heat-treatment bay, electric overhead 
cranes are used for assembling the heavier forgings 
on the loading tables, etc. Dependent on the 
weight and section of the forgings to be treated 
they are loaded into special heat-resisting furnace 
trays or on to heat-resisting bearer-bars. After 
the load has been assembled on the loading table 
it operates as a unit load throughout all subsequent 
operations in the heat-treatment department. 
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Electric pit furnace installation 
THE STANDARD Motor Co Ltp is well known as the 
manufacturer of the Massey-Harris-Ferguson range of 


tractors. During manufacture, the axle shafts for this 
vehicle are subjected to a hardening and tempering 
treatment. Five electrically-heated pit furnaces and 


accompanying all-quench tanks were designed and sup- 
plied by G W B Furnaces Ltd to carry out the hardening 
part of the heat-treatment cycle. Where parts, such as 
these axle shafts, of relatively long and slender dimensions 
require to be heated at high temperatures, it is con- 
sidered that the pit-type furnace, in which these com- 
ponents are suspended vertically, constitutes the best 
type of unit if distortion is to be kept to a minimum 
rhirty-two axle shafts, each weighing 37} lb, comprise 
a furnace load and are carried in specially designed cast 
nickel-chromium jigs in two tiers of 16 shafts The five 
furnaces are designed to produce an output of 4,000 
hardened shafts per 120-hour week working on a 3}-hour 


heating cycle, of which 1} hours are required for bringing 
up to temperature, while for the remaining 2} hours the 
components are soaked at the required temperature 


The furnaces themselves are capable of operating up to 
1,050 C, although their nal working temperature is 
950 ¢ At the time when the 
the shafts being treated were, in actual fact, being har- 
dened at 840 ¢ 

Each furnace 





installation was visited, 


has a 145 kW maxim 
arranged in one automatically-control 
by a Foster indicating controller with 


giving a continuous visual record of 











pit fi 
pl urnace 
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Delta Star rating reduction is provided, which reduces 
the input to one-third of the maximum rating after 
thermal equilibrium has been obtained inside the furnace, 
and the soaking period then begins This method of 
rating reduction is a desirable feature since it reduces 
undue wear and tear on the electrical contactors. The 
vestibule opening of the furnaces is 3 ft 2 in. dia, while 
the depth is 6 ft. The loaded jigs hang vertically, sus- 
pended from four heavy arms at the top of the * spider” 
in slots of heavy cast HR steel brackets which extend 
through the insulating bricks to the inside wall of the 
furnace casing. When the loaded jigs have been lowered 
into the furnace, the insulated lid is swung over into 
position, operating a limit switch which permits the 
heating current to pass to the elements which are of 
heavy nickel-chromium wire in coil form These coils 
are arranged around the inside wall, supported on 
specially moulded open-type fire bricks. In addition to 
this safety limit switch, a further device, to protect the 
charge and the furnace, is fitted in the form of an excess 
temperature cut-out of the fusible type which melts at a 
pre-determined temperature and cuts off the current to 
the heating elements through a relay in the control panel 








During the hardening period a protective atmosphere 
is present inside the heating chamber to reduce scaling 
of the shafts to a minimum. At the end of the cycle, 


ts are lifted up and moved over by means of a 
overhead mono-rail, and plunged 
filled quench tank Ihe oil from 
ted through a common 


After 











ive quench tanks is circt 


cooler, situated outside the heat-treatment shop 


quenching, the shafts are then moved round to a washing 
and de-greasing machine before being transferred to the 


‘ 





urnace line for further treatment 

A new creep-resisting alloy 

Henry Wiggin & Co Ltd announces the introduction « 
Nimonic 105, a further heat- and creep 


resisting alloy ir 


the Nimonic series. Nimonic 105 is a development 
of the nickel-chromium-cobalt-molybdenum _ alloy 
Nimonic 100 and shows a useful advance in high-tem 
perature properties. It has greater resistance to creep 
at very Operating temperatures than Nimonic 100, 





40 ( 


the minimum life to rupture at tons sq in. and 
1,724 F) being 50 hours 

















An important advantz new alloy is its improved 
resistance to a specific type f high-temperature cor 
rosion sometimes experienced in aero other gas tur 
bines running at elevated gas temperatures Phi 
corrosion occurs 1n certain conditio of contaminatiol 
by solid or molten sulphat , i with the con 
Dbustion process The f 1S¢ t 
range are high-grade distillates, such as aviati 
which at lower temperatures have little or 
effect It will be appreciated that th form of high 
temperature corrosion is quite different from the fuel-ash 
corrosion troubles met at much lower temperatures when 
certain types of boiler oils are burned in gas turbines 

Nimonic 105 has already been tested by the Brit 
aero-engine lustry and is now in productio 

" S 
Nin ' 
. 4 
4 
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Mr Fohn Penfold 


Birlec Standard Furnace Division 
Until recently, at Birlec Ltd, orders for 
were built by the Heating Division, which handlec 
large and small installations The need was t 
for a separate division to handle solely this type of work 
and a new department, known as the Standard Furnace 
Division, has been formed under the management of 
John Penfold, previously Furnace Department manager 
of the Morgan Crucible Co The instigation of th 
Standard Furnace Division has already been found t 
have considerably moderated costs and 
been expedited 


tandard fu 





deliveries hav 


Open days at Northern Aluminium Co’s Banbury 
works 
Visitors to Northern Aluminium Co’s Banbury works 
last month saw the result of almost four years of con- 
tinuous development. Although the installation of new 
equipment and the rearrangement and modernization of 
existing installations is not yet fully completed, within 
a few weeks’ time the latest of the rolling mills will be at 
work 

Modernization has been in progress since 1955 wit! 
greatly interfering with production; it has been carried 
out step by step, and as each unit has been installed or 
renovated it has been brought into use 

First to undergo change was the Remelt Department 
Here pig brought from Canada is remelted and quantities 
of other metals mixed with it to produce the Noral alloys 
which are then cast into ingots for rolling and cylindrical 
billets for extrusion. Coke-fired furnaces were converted 
to oil-firing and equipped with automatic charging gear, 
and the casting units have also been improved to produce 
ingots weighing a ton 

Visitors were able to see the Sheet Mill where t 
greatest changes have taken place. Interest was shown 
in the new scalping machine which skims roughnesses 
from the face of the ingots before rolling, and is capable 
of handling, automatically, pieces three times the size of 
those handled by the lathes it replaces 

Before rolling, the ingots are heated in a pit-type 
furnace of modern design big enough to hold 120 ingots 
each weighing a ton, and equipped with an all-aluminium 
crane that enables the work of charging and unloading to 
be done by one man rhis fu serves the new hot 

I with rolls 7 ft wide 

ncy of the new mill i 

the preheat furnac 


ull being regulated by a ‘ magic 


ou 











One device to increase the efficie 
a roller conveyor linking it 
the flow of ingots to the n 
eye 

After reduction resulting 
sheared and stacked by a special machine. The stack of 
slabs, which may be up to 80 ft long, is then moved 


in the mull the slabs are 
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sideways by an ingenious conveyor to a place wher 
wverhead crane will pick them up for the pera 
This is the next phase of rolling and wi carried 
ma new mill, 7 ft wide, which is now nearing 
pletion. Replacing a pair of smaller mills, it will t 
lab in the flat, passing it backwards and forwards betw 
t rolls, and when the requisite thickn 
\btained, ejecting it on to a 450-ft-long run- 

At the end of this table it will be either io 


Wlii then pas orward for 


Wild-Barfield N R C vacuum furnaces for Atomix 
Energy Authority 

Wild-Barfield Electric Furnaces Ltd have 1 i 
order from the Atomic Energy Authority, R t 


LOK arc-meliting acuum furnaces <« 








i dD | I 
Mr Each equip! ha wn f{ 
ng svsten ita c power! pply 
t being ree rectifie Outp 1 
ngo in D I ed in eac turna 
a 3U reserve Of power! 


British scientific films in Moscow 





The 12th Congress of the International Scientif I 
Association is being held in Moscow this n th Ea 
ar the Congress is held in a different c try fro 
the 27 member countries of ISFA i 
meeting 1s notable as being the f r ( 
science film festival to be held in the Sovic 
Among the films to be shown 3 28-min 
film Forming of Metals ’—by the Shell Petroleur 


Stainless steel compressor blades 
Close-limit forging of compressor blades for jet engine 
has been carried out with the aid of the * dag ’ dispersions 
manufactured by Acheson Colloids Ltd 
One organization uses * dag ’ Dispersion 2404 (colloida 
graphite in white spirit) in concentrated I 
t 6—12 in. long) and diluted with five 
spirit in smaller blades. The standard metho 
cation is by means of a spray gun on tot 
each forging. Advantages claimed are good m 
mproved surface finish and longer die life 
Preliminary experiments carried out to evaluate the 


form on iarge 
hit 


Diades 


he 
ne 


etal flow 


possible use of colloidal molybdenum disulphide in the 
Same application suggest that good die finish can be 


obtained with MoS 





Four stages of forging stat 


feel compre r blade 
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PEOPLE 


Dr Joseph Herbert STROe BE,MC,PhD,ARSM, BS 











who is Chemist and Assayer Royal Mint, has been 

a Member of the Council of the oaheting of Mining and 

lurgy since 1949 rving as a Vice-President from 

1957. He joined the Institution as a Student in 

1919, became an Associate Member in 1924, and a full 
Member in 194 H : w been named as pr lent 

yf the Institut 

Af ving M D i the Roya 
Scho f Mir } Soo nter 

pted | cour H I th 

Division Sig Company, R i d 

Fra 1915-17 and Italy 1917-19, bein ntioned 
in despat ind awarded Military Cross 19l¢ 
Returning t R« School of Mines, D ats 

it Asso t i B Sc degree in Metallurgy 

H Wa iwarded Ph D dgegree a London 

a few months with Welsh Mines Cx tien 

tson joined ¢t Royal Mint in Febr 1922 





er, and finally 
t and Assayer He has worked in many brancl 


and has held the positions of assistant assayer, works 


gist, semor ecnnical OTNCerT, assay 





of metallurgical research, assaying, melting and rolling 
and has run the large foundry dealing with the melting 
and casting of precious and non-ferrous metal alloys, in 
addition to advisory work on metallurgical problems and 


in the administration of the Royal Mint 

The results of hi ions have been published 
jointly with Sir Tho and with Dr S. W. Smith 
and also under his own name, in the Journal of the Institute 
f Metals, of which he is a Me er, and of whose London 
Local Section he was chairman from 1946 to 1948, serving 
that period also as a Member of Council of the 
¢ He is also a Fellow of the Institution of 
urgists 
Dr Watson was awarded the M BE in 1945 and the 








CBE in 1957 Dr Watson was unanimously elected 
president of t Institution for the session 1959-60 in 


he Ins 
succession to Mr J. B. Dennison, and will take office in 
May next year 


William M. Frames, of Johannesburg, formerly 
chairman of Rand Mir Ltd, has been named chairman 
of the International Nickel Co SA (Pry) Ltd, South 
African subsidiary of the International Nickel Co of 
Canada Ltd 





Mr Frames will be chief executive officer of the Inter- 
national Nickel Co S A (Pty) Ltd, which is engaged in 
mineral exploration ind investment Ihe company is 
opening new offices in the Palace Buildings, Pritchard 
Street, Johannesburg 


Mr H. Morley, deputy general works manager of 
Samuel Fox & Co Ltd, a subsidiary of the United Steel 
Cos Ltd., has becon general — manager of the 
company in succession to Mr J. D. Joy. As already 
announced, Mr Joy has been ow me rector and 
sleby-Fr roding 








general works manager of Ap 
th a view to t n 


January | next 


wi 





Mr P. S. Beale has been 
British Oxygen Cx 
Cashier, Bank of Eng i 
of the industrial credit and investment Corporation of 
India Ltd, Bombay 


appointed a director of the 
Beale was formerly Chief 
nd recently generai manager 


a 
= = 
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The Incandescent Heat C< Ltd announces the for 








mation of a Gas Atmospheres Division. The division 
headed by Mr I. L. S. Golding and will be re sponsible 
for the design, development and sales promotion of gas 
and controlled atmosphere generators and gas dryer 


MIH E, who has been 
for Heating, Ventilating 
ring since February 1950 
nas 1 ned » aK ip t ippoint nt ol director ot 


CK or to Mr Billington t vern if the National 





Colleg« \ appointe | Dr David R. Scott, at present 
a nior turer on the taft of tl Royal College of 
Sc id ‘J hnolog Crlasgow 

Dr S whk a graduat ot Univer 1K t 
Lond ind of Nottinghar is had a wide research and 
teach rience; im particular has specialized in 
the f ventilation, and other achievements 

r for the design of a network calculator, 
whereby the distribution of air in networks may rapidly 
be determined 


Mr H. W. A. Waring, who is to be responsible for 
the general direction of the central advisory service set 
up ) by the Guest Keen & Nettlefolds group of companies 
to take full advantage of the opportunities offered by the 
European Free Trade Area for British iron, steel, and 
engineering exports, has been managing director of 
Brymbo Steel Works Ltd, and a director of the Guest 
Keen Iron & Steel Co Ltd, and of John Lysaght’s Scun 
thorpe Wor Ltd, since 1956. Educated at Christ 
Hospi Mr Waring qualified as a chartered accountant 
in 192 From then until the outbreak of war in 1939 
he spent many years in this capacity in northern Europe 











During the war he was attached to the British Embassy 
in Stockholm, where he worked on blockade-running 
operations of steel and strategic materials from Sweden 
to the U K After the war he joined the Control Com 
mission for Germany 

In 1947 Mr Waring left the Control Commission and 
was with the Guest Keen Baldwins Iron & Steel Co Ltd 
until 1951, when he joined the United Nations Economic 
Commission for Europe and became head of the industry 
ision responsible for the international committees on 
iron and steel, coal, electrical power, 

The new advisory service, the G K N Group Export 

Shell-Mex 











Services Organization, will operate fron 1 
House, Strand, London, W C2, and w co-ordinate 
activities, such as market research, in the export field 
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Cranes and their drivers 

Steelworks cranes will be the subject of the 37th meeting 
of the Iron and Steel Engineers’ Group of the Iron and 
Steel Institute, which is being held in Chester, October 
14 to 16. 

The first day’s discussions will centre round the crane 
in relation to the man who operates it. The papers to be 
discussed will include a report on crane safety in the iron 
and steel industry, prepared by the Accident Prevention 
Committee of the British Iron and Steel Federation, two 
papers on the ergonomic aspects of crane design from the 
British Iron and Steel Research Association, and two 
more general papers, one on engineering psychology, and 
the other on human temperature regulation, from the 
Medical Research Council 

In the second technical session, the steelworks crane 
will be discussed from an engineering viewpoint The 
papers to be presented, both from BISRA, will be 
devoted to structural design of cranes and to a plain 
frame method of analysis for lattice girders 

In addition to the two technical meetings, there will be 
an all-day visit (October 15) to the Irlam works of the 
Lancashire Steel Manufacturing Co Ltd, followed by 
a dinner in Chester by invitation of the company 

Further details may be obtained from the Secretary, 
the Iron and Steel Institute, 4 Grosvenor Gardens, 
London, S W 1 


Fifth international discussion on heat treating 
The fifth international discussion on heat treating, 
organized by Institut fiir Harterei-Technik, Bremen 
St -Magnus, Germany, will be held on October 15 in 
Wiesbaden. The general theme of the main session will 

* Heat treatment, residual stresses, service properties 
especially resistance against fatigue.’ 

Part of the afternoon session will deal with the safety 
problem in heat treating under controlled atmosphere 
Official languages will be English, French and German 


Practical uses of nickel 
A series of four-day exhibitions devoted to the practical 
uses of nickel and its alloys are to be held in Newcastle, 
Leeds and Belfast by Henry Wiggin & Co Ltd The 
first will be at the Royal Station Hotel, Newcastle upon 
Tyne, September 23-26; the second at the Metropole 
Leeds, October 14-17; and the final one in this series 
will be from October 28-31 at the Grand Central Hotel 
Belfast 

Running concurrently with each exhibition will be a 
series of lectures and films demonstrating the practica 
uses of Wiggin alloys in high-temperature work, and in 
chemical and electrical engineering, and 
feature welding techniques 

Tickets for each exhibition are available 
area office of Henry Wiggin & Co Ltd 
head office at Wiggin Street, Birmir 





others will 


from the local 
or direct from th 
gham, 16 


NEW COURSES 


College of Technology, Birmingham 
The Department of Metallurgy, College of Technology 
Gosta Green, Birmingham, proposes to offer two post 
graduate courses during the autumn term this year 
These are (1) thé metallurgy of nuclear-power material 
and (2) spectrographic and chemico-physical analytica 
techniques for metallic material 

Ihe course on nuclear-power materials is intended for 
technical staff engaged in research and development 
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nuclear reactors, and for students proceeding to advanced 
metallurgy examinations. Ten lectures will be given or 
successive Tuesday evenings, commencing on iSaechee 7 

The course on spectrographic and chemico-physica 
analytical techniques is intended for metallurgists and 
chemists engaged in research and development work 
The course will consist of 12 lectures held on successive 
Wednesday evenings, commencing on October 8 

The lectures will be illustrated by optical aids, 
with laboratory equipment 
a lecture, 


together 
The meetings will compris: 
with demonstrations and discussions 
Full details of each programme, and applic: ation forms 
can be obtained from the department. The fee for eacl 
yurse will be £2 2s 
Borough Polytechnic, London 
The Borough Polytechnic, Borough Road 
S E 1, has arranged a course of 10 lectures on refractori 
their manufacture, properties and 
given by L. R. Barrett, MA, BSc, MS, ARIC, M Inst! 
F Inst Ceram, on Fridays at 7 p m, beginning on October 
10 this year 





applications to ox 


The course 
up-to-date 
idustry 


is organized to provide a 
survey of refractories and the 

Various aspects of fuel technology are 
the following courses offered by the Borough 





Fuel technology, in preparation for the examinations in 
this subject by the City and Guilds of London Institute 
This course may be taken either on a part-time day or an 
evening basis 

Fuel and combustion engineering, which is offered as 
in endorsement to the Higher National Certificate course 


in mechanical engineering These classes are held on 
Monday evenings from 6 30-9 
( gore fecnno A course of lectures held on 


) 
Friday afternoons from 2 30-4 30 
City and Guilds of London Institute 
A new scheme under the heading ‘ engineering drawing 
has been introduced by the City and Guilds of London 
Institute 
new session 

rhis has been designed to provide a good background 
qualification to enable the engineering apprentice t 
draughtsman, and it is intended that students 
with a variety of backgrounds should qualify for entry t 





and college courses will be commencing in 


become a 
e course, which is based on two years of 
nstruction The course includes applied mechanics, 
matics and geometry, materials and processes, and 
is throughout an emphasis on practical drawing 
who have followed National Certificate 
chanical courses to S 3 level, or obtained Intermediat« 
ertificates in machine shop engineering, or appropriate 
Final certificates, 





dents 


may enter the course here is a further 
rovision for older students with a background of dr: awing 
office experience No candidate, however wil ) 


1 be 
ed to the examination who has not ended the 
ed course of instruction 
ull particulars of the above scheme are available on 
applic ation to the Director of the Institute, Gresham 
Basinghall Street, London, E C 2, and enquiries 
ild the marked ‘ B5 
rhe Institute has published details of the revision of 
following subjects: (61) patternmaking, (62) foundry 
practice, (65) boilermaker’s work, (66 work, 
74) welding and (176 








sheet metal 
fabrication of steelwork 
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OBITUARY 


Col J. W. Danielsen, DS O, DL, JP 





Col F. W. Danielse? 


Danielsen in 
month, on the Evesham 


We regret to report the death of Col 
a motor accident last 
Cheltenham road 

John William Danielsen was born in Birmingham in 
1875. He was of Danish descent (his father becoming 
a naturalized British subject), his family being connected 
with the firm of Rabone Petersen of Birmingham, well- 
known export merchants in the City Col Danielsen 
was educated at Wolverhampton Grammar School. In 
1911 he married Miss Lilian Sydenham. Col and Mrs 
Danielsen had four children, three sons and a daughter 
Iwo of the sons were killed during the last war and 
Mrs Danielsen also died at that time he surviving 
son, Mr R. W. N. Danielsen, is managing director to 
the Deritend Group of Companies and a member of the 
Governing Council of the National Association of Drop 
Forgers and Stampers; he was a prisoner of war in 
Germany for five years 





Col Danielsen had a most distinguished career and 
gave much of his time to public service. He was a past 
member of the Birmingham City Council and had been 
a City Magistrate since 1927. He joined the Territorial 
Force in 1908 and commanded a Signal Company, Royal 
Engineers, in World War I, during which he was men 
tioned five times in despatches and received the Dis- 
tinguished Service Order After the 1914-18 war he 
formed the 48th South Midland Divisional Signals, T A, 
which he commanded for some years He became 
Deputy Chief Signal Officer, Southern Command, and 
was made an honorary colonel of 48th S M_ Divisional 
Signals in 1927, being gazetted full colonel on retirement 
He was one of Her Majesty’s Deputy Lieutenants for the 
County of Warwickshire 


In his business life Col Danielsen had been a director 
the Deritend Co for 56 years and had been chairman 
and managing director since 1919, a position which he 


of 
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held until 1953. In that year the Deritend Stamping Co 
amalgamated with the Blackheath Stamping Co and 
South Wales Forgemasters, and he became chairman of 
the new group. This position he resigned at the end of 
February, 1958 During the half-century which Col 
Danielsen served with the Deritend Co he witnessed the 
growth, from very small beginnings, of the British drop- 
forging industry, his own company participating to the 
full in the general development, prosperity and importance 
of the industry 

Col Danielsen was president of the Birmingham 
Association of Mechanical Engineers in 1932 and 1933 
and was chairman of the Midland Branch of the Institution 
of Mechanical Engineers in 1945 and 1946 

It was largely due to the foresight and inspiration of 
Col Danielsen that a British drop-forging trade association 
was organized in 1917. This developed, in 1945, into 
the present National Association of Drop Forgers and 
Stampers of which Col Danielsen was a past president 
and, until his death, a member of the Governing Council 
‘The Colonel’ was always an enthusiastic supporter of 
co-operation between competitors in industry and it was 
he who presented Grove Hill House as a permanent 
centre for co-operative action amongst drop forgers 
when the new constitution was set up in 1945 

Col Danielsen was a man of great energy, not only in 
business, but in many other directions as well. Although 
in his 83rd year, he was still playing tennis in 1957. He 
had only recently returned from a tour in Australia 
New Zealand and the Far East. In Australia he acted as 
guest of honour at the first weekend convention of the 
new Australian Drop Forging Association, and made 
contact with many drop forgers in that country. He will 
be greatly missed by all who knew him in the industr 
Mr Lewis Lowe 
Dudley Drop Forging Co Ltd announces the death of 
the founder of the company, Mr Lewis Lowe, who died 
at his home at Oldbury last month, at the age of 8¢ 


Thermic boring process in a foundry 
Metallic Extractors Ltd of Water Orton, Warwickshir« 
were recently called upon to remove a mass of raw copper 
which had solidified in a foundry owing to a breakdown 
in the furnace. Weighing about 85 ton the copper 
could only be used when broken up into small segments 
and removed. It was believed to be the largest amount 
ever encountered in similar circumstance 

Initially, in an attempt to break the metal, a 2-ton 
steel ball was dropped on to it his did not prove 
successful, however, since the roof clearance was only 
12 ft and the ball skidded on the soft copper. Explosive 
charges were then set and this method resulted in a 
6-ton piece being broken off he laminations in the 
copper and the resilience of the metal, however, meant 
that the explosion was difficult to control and this method 
was also abandoned 

The firm sought the advice of British Oxygen Gases 
Ltd, and it was agreed that the thermic boring process 
should be used. A section of }-in. bore gas-barrel steel 
tubing was packed with {-in. dia mild-steel rods. Oxygen 
was then fed through the rods at the high pressure of 
between 100 and 150 Ib sq in. and the end of the packed 
lance was then ignited The iron and oxygen reaction 
provided the degree of heat which was required to melt 
the copper 
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Classified Advertisements 





FIFTEEN WORDS for 7/6d. (minimum charge) and 4d. per word thereatter 
Box number 2/6d including postage of rephes Situations Wanted 


2c. per word 


Replies addressed to Box Numbers are to be sent, clearly 
marked, to Metal Treatment and Drop Forging, John Adem 
House, John Adam Street, London, W.C.2. 


SITUATIONS VACANT 


A METALLURGIST OF AT LEAST L I M STANDARD is required 
to take control of a well-equipped laboratory and assist 
in interesting development work Applicants should 
have a knowledge of the forging and heat-treatment 
characteristics of heat-resistant alloys, stainless, low-alloy 
and plain carbon steels Pensions and profit-sharing 
schemes are in operation and canteen and recreational 
facilities are available 

uali- 


Apply in writing, giving full particulars of age, qué 
Jrop 


1 
fications and experience to the Secretary, Dudley | 


Forging Co Ltd, Holly Hall 


Dudley Worcs 


TECHNICIAN WITH M 
workshop control and dev 
processes Write statiz 

Treatment & Brazing (¢ 
Estate, Molesey Road, Hersham 


iD tor 
production 
Heat 
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Cul your finishing costs on 
DIE SINKING 

By using the 
BRIGGS - AJAX 

Range of 
AIR GRINDERS 


which have achieved an enviable reputation for 
reliability since their introduction 21 yrs. ago. 


AJAX JUNIOR, !00,000 r.p.m. for Stones 
5” to {" dia 

AJAX MK. Ill, 50,000 r.p.m. for Stones 
I” to 3" dia 


BRIGGS MK. II, 28,000 r.p.m. for Stones 
s” to |” dia. (deep reach) 

BRIGGS MK. V, |0,000 r.p.m. for Stones 
1}” to 2” dia 


Literature on request from Manufacturers 


BRIGGS BROS. (ENGINEERS) LTD. 
206 EDWARD ROAD, BIRMINGHAM, 12 


Telephone: CALthorpe 2995 
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AGENCY 


AGENCY REQUIRED. Active sales representation in the 
Midlands for plant, machinery and raw materials. Top 
connections throughout. Drop forging and sheet metal 
pressing industries. Interested firms please contact Box 
A R 109, METAL TREATMENT AND DROP FORGING 


MACHINERY FOR SALE 


EFCO MUFFLE FURNACES, 18 kW, 1,200°C, 400 volts, 
three-phase, 50 cycles, complete with Electroflo tem- 
perature recorder and controller. Condition as new 
Whitefield Machinery & Plant Ltd, Cobden Street, 
Salford 6 Tel : PEN 4746 


RADYNE HIGH-FREQUENCY 
soldering, 14-kW unit 
Barr Street, Birmingham 19 


HARDENING, brazing and 
Unused Wheway Optical, 
NOR 2291 


60-KW BAILEY TILTING RESISTANCE FURNACE, 415 volts 
Complete with all control gear, meters, hydraulic pump 
und accumulator. Quick disposal Johnson, Matthey 
& Co Ltd 





Holborn 6989 


CAPACITY AVAILABLE 


INDUSTRIAL INSTRUMENT SERVICES Co, 74a Nursery 
Road, Birmingham 19 (NOR 2525), pyrometer instru 
ment n ilacturers and suppliers Service and re 








tioning of all types and makes of pyrometer 
truments. Wide range of thermocouples, cables, and 
prompt delivery 





accessories, etc Cjuaranteed work, 





DIE SINKING 
CAPACITY 


Offered by Firm engaged solely on Die Sinking 

and Tool making for the Drop Forging and 

Allied Industries including Horizontal Forging 
* 


DIES NORMALLY SUNK IN THE HARDENED 
AND TEMPERED CONDITION ON CUSTOMERS’ 
MATERIAL IF REQUIRED 


Any size blocks up to approx. |2 cwts. eact 
DIES DESIGNED FOR ANY TYPE OF FORGING PLANT 


Fully Comprehensive Modern Plant enables us to offer 


quick deliveries combined with any limit of racy 


SAWBRIDGE & CO. 
27 TEMPLE BAR - WILLENHALL ~- STAFFS 


Telephone: Willenhall 258 
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BOOKS 


Electric furnaces 


Edited by C. A. Otto 
157 illustrations 
1958 £1 15s 
THIS BOOK DESCRIBES in a very general way the applicatiot 
of a wide range of electric furnaces in various indust 
The metallurgical aspects of melting and heat treatment 
have naturally major attention though tl 
requirements of the glass, vitreous enamelling, potter 
and plastics industries are also brought in for considera 
tion. The inclusion of other chapters on elementary 
electrical principles, pyrometry and refractory materia 
completes the contents 


14 chapters and ir 
Newnes I 


=) 
a“ 
-) 

- 
x 


George 





received 


Apart from three chapters by Mr Otto, the remaining 
11 chapters have each been written by a different con 


tributor. Some duplication of material results > th 
high-frequency furnace is dealt with in chapters 2 and 
while the general standard of presentation also varies 


somewhat between chapters. The most informativ 
chapters for a reader not already conversant with th 





subject-matter are those devoted to ‘ Metal-melting 
furnaces,’ ‘ Electric heat in the glass industries’ and 
* Refractories and furnace linings.’ 

The book is profusely illustrated with photographs of 
electric furnace exteriors. While the choice of thes« 


photographs is generally good from the point of showing 
the clean, compact and enclosed design of modern electri 
furnaces, it is felt that a greater use of suitably annotated 
line or sectional drawings would have been of 
benefit to the reader. 

It is regrettable that apart from a limited bibliography 
appended to the chapter dealing with the glass industry, 
no other references are given to assist the more inquisitiv 
reader. It is equally regrettable that the price of this 
popular style technical book is so high 
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Safety rules for employees in the drop-forging 
industry 
Published by the National Association of Drop Forger 
and Stampers, 16 pp, illustrated 
THIS SHORT BOOKLET was prepared by the Labour and 
Welfare Committee of the National Association of Drop 
Forgers and Stampers with the new entrant to the 
industry particularly in mind 

The aim was to set out in a very simple manner and in 
as short a space as possible, the normal risks which an 
employee in the industry might be expected to meet and 
how best accidents could be avoided 

The booklet presents this information in a clear and 
attractive manner and should be a most useful aid to the 
prevention of accidents in the industry if it 
wide circulation it deserve 


receives the 


Research associations 
We have received the following research 
annual reports 


associatior 


Annual report for 1957 of the British Non-ferrous Metal 
Research Association 
Annual report for 1957 of the British Iron and St 


Research Association 


Annual report for 1958 of the British Steel Casting 


Research Association 
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NEW NAMES AND ADDRESSES 


The Industrial Furnaces and Engineers’ Tools Divisi 
of Brayshaw Furnaces & Tools Ltd, Belle Vue Work 
Manchester, 12, are now trading as separate compat 
inder the names of Brayshaw Furnaces Ltd, and Brays 

Tools Ltd 


[he formation of separate companies takes place 
the Diamond Jubilee Year of the foundation of 
original company and has been adopted in view of 
ontinuous development and expansion in both 


furnace and tool trade which has taken place, partic 
luring recent years 
Mr F 


will continue to control | 


I’Anson, sales manager of the Furnace 
10ome and export salc 


ilst Mr W 





haw Furances Ltd, whi Nunn I 
xport sales manager of the Tools Division ippoint 
ome and export sales manager of Brayshaw Tools | 
Ihe registered office of the two new companies w 
ntinue to be located at Belle Vue Works, Manchest 
hich have been considerably extended and re-equip] 





ith a view to providing increased production capacit 
id modern office accommodation. A branch office f 
haw Furnaces Ltd has also been opened at 84 Blont 
Street, Sheffield, 3 

Io provide additional facilities for furnace repair at 
particularly in the Sheffield and surroundin 
erritory, a Repair and Service Depot is now operating 


rvice, 


Northfield Road, Rotherham. The depot will undertak 
ll classes of furnace repair work, servicing and 
version of existing plant to either gas or oil heating 





and is fully equipped to carry out prompt and sp 


repairs to all types of furnaces 





Che British Association, after 67 
House, has moved into a 
belonging to the Royal Society of Arts 
the association is now 18 Adam Street, 
W C 2 (Trafalgar 5733 4 


years in 





suite of offices in the hx 


Che Scientific Film Association has moved to n 
offices in 3 Belgrave Square, S W 1 
have been made available by AS LIB anc 
pated that this closer relationship will introduce t 
work of the Scientific Film Association to r y who ar 
mcerned with documented information of all kinds 


— 


l 
it iS antic 





The address of Aluminium (Canada) Ltd is now 


Aluminium Canada House, 30 Berkeley Square, Lond 
W 1 (Mayfair 9721 
In future the Plastics Division of Metal & Plast 


Compacts Ltd, Armoury Road, Birmingham 11, will b 
trading as the Motoplas Co Ltd ; and the Metals Divisior 
of MPC, of Montgomery Street, Birmingham 11, wi 
be known as Metal & Plastic Components Ltd 
Metal & Plastic Compacts was set up by the \ 
ompany in 1946 to investigate powder metallurgy and 
manipulation and moulding in the plastics field 


The executive offices of Kelvin & Hughes 
moved to Empire Way, Wembley, Middlesex 
RRRR 





& Co Ltd, a subsidiary of the United 
Steel Companies Ltd, announces that it 
department will now be known as the metallurgica 
department The change of name has been made t 
reflect more accurately the nature of the department’s 
duties 


Samuel Fox 


researci 


vw 
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TEMPERATURE RANGE 


7 
] CAPACITY APPROX 
3 CWTS. ELECTRODES 


The Port Vert D g O VWo 


— 


° 
Siemens-Schuckert FARADAY WORKS GREAT WEST RD 





(Great Britain) BRENTFORD ~~ MIDDLESEX 
Birmin gham : Tel. Mid 12082 - Cardiff - Glasgow: 7 . 2¢ Manchester : 7 r 467 * Newcastle : Tel. 236 Sheffield : Tel. 61564 
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CONVECTION HEATED 
CHAIN CONVEYOR 
FURNACES 





Suitable for Aluminium Billet 


DOWSON & MASON LTD 


and Slab Heating, tempering of 


still products and other ALMA WORKS LEVENSHULME MANCHESTER 
Telephone: HEATON MOOR 6025! (5 lines) i 





processes up to 650 C 


power hammers WITH A DIFFERENCE 


All the hammers in this 
modern forge have been 
isolated by _ installing 
Mellopad anti-vibration 
material when the found 
ation was laid, thus reduc- 
ing transmitted vibration 
to a minimum. 

Mellopad is recommended 
by leading hammer manu- 
facturers as suitable 
ancillary equipment for 
their machines, also for 
foundry jolters, drop stamps, 
etc., and for the isolation 
of most precision machines. 






of 


VW Se tae eee a oi esi 
— (Ny). MELLOWES & CO. LTD. 


SHEFFIELD + LONDON - OLDHAM 
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Wild-Barfield A.H.F. equipment is used by Wolf Electric 


WILD-BARFIELD 
A.H.F. 
equipment at 


WOLF ELECTRIC 
TOOLS LTD 


Tools, Ltd., (manufacturers of the well-known Wolfcub 


| 


lrills, etc.), for the hardening and tempering of small gears, 


dril 
shafts and pinions. Many other industrial concerns have 
found that Wild-Barfield A.H.F. induction heating speeds 
production, saves space and offers savings all along the line 
Our engineers will be glad to supply further details and 


explain how Wild-Barfield A.H.F. equipment can help you 











Induction heating speeds production 





- WILD-BARFIELD ELECTRIC FURNACES LIMITED 
ELE RN V } Vd NAT RI Y : . PPORD f7E RTS I Natiord ¢ ne 
w B64 








EE 
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the 


new 


PYROMAXIM 


electronic controller 


30 





LIST PRICE £32 10 0 





RUGGEDLY CONSTRUCTED 


o 

@ INSTANTANEOUS CONTROL OPERATION 

@ MINIMUM PANEL SPACE 

@ ON OFF INDICATING LIGHTS 

@ CALIBRATED FOR ANY STANDARD THERMO-COUPLE 


Thirty-five years’ experience in the manufacture of fine 
electrical instruments are behind the Sifam Pyromaxim 
Electronic Controller 


Produced specifically to meet the demand for an ecor 
ically priced instrument capable of working to th 
standards of accuracy, th new Controller combin 
sound design and well-proved construction principle 
with complete reliability 






Adequate service arrangen 
im operation al sé ted 








SIFAM ELECTRICAL INSTRUMENT CO. LTD 
TORQUAY, DEVON, ENGLAND 


say 4547 


september, 19 





ELECTRO HEAT +; 
TREATMENTS ro. {2 


BULL LANE, WEST BROMWICH 
. 
Specialists in all types of: 


HEAT TREATMENT 


BRIGHT HARDENING. Smal! compo 
nents; Bolts, Rivets, Washers, Screws and 
Springs, also large sections up to 3 ft 
BRIGHT ANNEALING. Steel, Stainless 
Steel, Nickel Silver, etc 
CARBO NITRIDING. For Skin Hardening 
up to .03 in 
GAS CARBURIZING. Gear Wheels, etc 
deep case depths 
LIGHT ALLOYS. Solution and Precipitation 
up to 10-ft. Sections 
HIGH FREQUENCY. Local Hardening, 
Annealing, Brazin 
COPPER AND ITS ALLOYS. Chromiun 
and Beryllium Copper, Aluminium Bronze 
Solution Treatment, Ageing and Annealing 
GENERAL PURPOSE APPLICATIONS. 
Treatment of tools, forgings, castings, spinnings, 
etc., in all alloys 

° 


Telephore and Telegrams: West Bromwich 0584 and 0756 











EL ELECTRIC [ro 


THE CRACK DETECTION PEOPLE 


41 Sidmey Street, Sheffield, 1 
Telephone Sheffield 27357/8 














2 


metal treatment 


september, 1958 33 
and Drop Forging 





HEAT TREATMENT 
and 


MECHANICAL TESTING 


® 
SPECIAL STEEL CO. LTD. 
SPECIAL TESTING WORKS LTD. 


Managing Director: BENNETT BEARDSHAW, F.I.M. 


Annealing and Normalising Bars up to 24ft. in length 
Oil Hardening and Tempering Bars and Forgings up to 60 cwt. 
Cold Straightening 


MODERN CONTROLLED GAS FURNACES 


TESTING TENSILE + COLD BEND TESTS - IZOD IMPACT 
BRINELL HARDNESS, ETC. 
TESTS CARRIED OUT AT ELEVATED TEMPERATURES 








Approved: A.I.D. B45587 39 LA. 1A 42241 A.R.D Al 2368 46 
BACON LANE WORKS * SHEFFIELD, 9 
Telephone 41061-2 Telegrams : Special, Sheffield 








MAINTAIN YOUR HEAT 
PRODUCTION 


Machining capacity offered to the 


TREATMENT 





Capacity for case-hardening is now 
available in the most modern heat- 


Drop Forging Industry treatment plant in London 
SPECIALISED SERVICES OFFERED FOR ALL x Gas or pack carburising with full 
- metallurgical contol over all opera- 
TYPES OF RECONDITIONING pr 


@ MACHINING AND REBUILDING OF 
WORN EQUIPMENT x 


@® SLIDES, GUIDES, HAMMERS, 
BEARINGS AND TOGGLES 


@ ALL TYPES OF HEAVY MACHINING x Flame-hardening of gears up to 10 ft 
dia. with latest electronically con- 

@ WE CAN COLLECT AND DELIVER soditell cundenans 

@ QUOTATIONS BY RETURN 


Gleason quenching press equipment 
for pieces up to 36° dia. plus wide ex- 
perience in the control of distortion 


et us help get your machine back into production E. N. V. ENGINEERING COMPANY LTD 
mmediately, ring STOURBRIDGE 389/, 4850 
HYTHE ROAD, WILLESDEN, N.W.10 


Telephone LADbroke 3622-3-4-5-6 





JUNCTION RD. 
WORDSLEY 





ROBERTS BROS. 





STOURBRIDGE 





AP?? 


Maas 
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HEAT 
TREATMENT 


Specialised services offered for the treat- 
ment of raw and semi-finished ferrous 
metals 





Dust & Grit 
Collectors 


A new addition to the range of 






A. & O. dust and grit collectors 





@ MANGANESE STEEL CASTINGS 
@ PLAIN and ALLOY STEEL FORGINGS 
@ S.G. IRON CASTINGS 

@ BLACKHEART MALL. CASTINGS 

@ STEEL BARS - BILLETS - SHEETS 


ANNEALERS LIMITED 


PENISTONE ROAD - SHEFFIELD 6 














Aun D Con PAN YT LIMITED 
High-Grade Steel Makers 


" ts (HIGH SPEED STEELS 
MONARCH ) HOT & COLD DIE STEELS 
) TOOL HOLDER BITS 





This photograph shows an Allidays & Onions UF/| 


| 
i 
| 
! 
| 
Ww | 
Dust Collector, primarily for use with hearths and HARDENITE CARBON & ALLOY TOOL | 
designed to meet the requirements of the Clean Air Act ) STEELS forALL PURPOSES 
| 
| 
| 
' 
| 
| 


i “HELVE” ( CARBON TOOL STEEL for 
A LL D h Y S ) CHISELS, PUNCHES, &c 
| 


ROYOS WORKS AND 
HARDENITE STEEL WORKS 


& ONIO ATTERCLIFFE ROAD, SHEFFIELD, 4 
, 
. 


Export Depertment 




















LTD THE HARDENITE STEEL COMPANY LIMITED 
GREAT WESTERN WORKS BIRMINGHAM il Telephone Telegrams 
Phon vil eer 4 








| Sheffield 22131 Shaking, Sheffield, 4 
| 
} 


Londen Office: 2 Queen Anne's Gate, Westminster, London. $.W1 
Phone: WHitehal! 1923/45 
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STAINLESS STEEL ABRASIVE RESISTING 
HEAT RESISTING HEAT & ABRASIVE RESISTING 
HIGH SPEEL 


& SPECIAL ALLOY STEE 


CYANIDING POTS 

CASE HARDENING BOXES 

CAST IRON, BRASS, GUN METAL 
PHOSPHOR BRONZE, ALUMINIUM etc LINES, STUDS & SIGNS 


also STAINLESS TEEL ROA 





HIGHLY ALLOYED STEEL 
CASTINGS 


JOFO"’ castings are available in 
a wide range of qualities 


From a few ozs up to 10 cwts each 


M S. approved sect f sie t 


A, fehnson Klos Til 


Head Office: BROADFIELD ROAD 
SHEFFIELD 8 (Sheffield 52431) 


Foundry Aiziew + he eld 
Machine Sh R r. 
Tice e ral H se 
pper Wob ace, W 
E 4086 
o gow fice 92 + e ec 2 
~entral 8342 

















Acheson Colloids Ltd English Ele Me w \ 
Alidays & Onions Ltd Englist P Meta . . 
Andrews, Thos., & EN Enginee 3 Meta . 
Annealers Ltd 32 Ecchells 8 M . a 
Erb r ' i. 

Baker Perkins Ltd c = ; 7 eel + m gan R 1 
Birlec Ltd sae - To ‘ 
Bottogas Ltd Newall. A g 
Brayshaw Furnaces & Tools Ltd Fe line ; 
Briggs Bros. (Engineers 4 Firch-Derit 2 Nu-Way H . 
Bristol's Instrument ¢ " Flame Hardens 
British Chrome & Chemicals Led Fuel F aces Ltd ' gas C 
British Electrical Development Ass Gandy Ltd Froweer Meta 

ciation Gas ) Priest f 3 
British Furnates Led ? General Elect 4 Roberts B 
Broadbent, Thos., & Sons Ltd Genera! Refract , 
Brockhouse, }., & Co. Ltd Gibbons (I fn : awe ge & 
Burbidge, H., & Sons Ltd ike ina a : hieldrog 
o c . WB. Furnaces Lt 7 handon, E. R 
Calorizing Corporatio ' sreat " he Me zB 

Britain Ltd. (The) Hadfields Ltd ome a F 
Cambridge Instrument >. Led Head Wrights M F = ‘ 
Chambers Bros. Ltd Hedin Ltd methwick Drop Forgings 
Climax Molybdenum Co f Europe Herbert. A.. Ltd Somers. Walte ter 

Ltd Hills (West B wich Spear & jacksor 
Clyde Fuel Systems Ltd Honeywell-Brow j pecial Stee! Co 
Cooke, Troughton & Simms Ltd Ltd Ste ha G.. & 
Coventry Machine Too! Works Lrd 8 andescent Hea The . 2 ‘ 
Cronite Foundry Co. Ltd. (T ‘ _ nerrr t pment & £ 
Delapena & Son Ltd T = he 
Dohm Ltd interr 1 
Doncaster, Danie!, & Sons Ltd Ltd Va rv dustrial Ag a 
Dowson & Mason Ltd 28 Johns Foster. H.. Ltd 34 Vaughan, Edgar, & ¢ Ltd 
Dunford & Elliott (Sheffield) Led ives is Tae i 

— Wickman Ltd 

Efco-Edwards Vacuum Meta gy Ltd 4 Wiggin & Co. Ltd 

Led Lafarge Alun s ement Led 0 W ild-Barfield Elect F ace 
Electric Resistance Furnace Ltd Ltd 3 8 
Electro Heat Treatments Led 30 Manchester F aces Ltd 12 Wilkins & Mitche ed 
Electroflo Meters Co. Ltd Massey, B. & Ltd 2 Wykeham. W.. & Co 











Published by the Proprietors, INDUSTRIAL NEWSPAPERS, LIMITED, John Adam House, 17/19 John Adam Street, Adelphi. Londo 
W.C.2, and Printed in Great Britain by F. J. Parsons, Lrp., London and Hastungs ; si 





tember, 1958 


FOR its, * 
HIGH TEMPERATURE 
SERVICE _ 


—_—_ 


THE NICKEL- 
CHROMIUM 
ALLOY 


For Temperatures at which 
other metals collapse 


metal treatment 


and Drop Forging 














We specialise in die blocks; our 
modern die plant is designed ex- 
clusively for the production of die 
blocks of unvarying excellence. 









WALTER SOMERS LTD. HAYWOOD FORGE, HALES OWEN Ne BIRMINGHAM 


‘ TELEPHONE: HALES OWEN 1185 























